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controls mission software configuration management , simulation , data base
management, and test and evaluation functions. This report presents an

explanation of what DAIS is and the role of SDVS in this program. The
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t [  ( ‘ I I °N 1

I D  I - - ‘ I I I  li l il

Tn1~ fl~ 4 / : o /  0. ‘1i l S  eno o rt  i s  to g i v o  an ~v v r v i e~ of th~ ,of t . -~- r ~
lesi ~n~~ t ’ - - ~~~~~~ “ i c i t  ion 5y5 o - - (S DV I I )  and present the des’i ri n and im olo en t i t i on

to: in : 1 1 .: used ~ l l  i lev elon 1 The SDV S has been developed as an i i t e D ol t 1

co11t ~ ~ion ~~~ SO f t - I ~~ , I ” t i c  in sunoort of the AFA L Digital Avionics In~or’ at . i(n

b-i s t -  - - S) n O ) )  r1Ir - lA ~~
‘ ; is an in fo ri:.i t i on management S / S  tn a-io roanh

to av i on i  Cs pr ’rJL r~- s i 1)I~ 10)1 11 nat ions.  The overa l l  ob jec t i ves  of DAI S and S l J S

are  r r - °sa nted in s ect i ol ’ t in .

Se ction three describes the D A I S  facility bein g develooe d at AFA L .

included is a di scos sion of the information management sys tem core ele p ent s

an I the overall syste il architectu re . The DAIS supoort facilit y wh ich i - ill be

-ise d to evaluate the real-time operation of the L)AIS core elements is also

described.

The DAIS mi ss i on so f tware  w i l l  be deve lo ped us i ng the SDVS tools discussed

in section four. Each of the seven SDVS modes of operation associated with

tie conf i g ur at i on ana ge ment , si mulation and testing of m ission software is

~resented . The SDVS h i g h  level languages for defining si - u l - ated DAIS mission

sce narios and processin ri sj I I Iu lat ion data are described with illustrat ive

exa inles. Section four concludes with a desc ription of the sioulation functions

a vailable in SEWS .

Sect ion five presents the techniques and tools emuloyed by TRW i n
desi jnin g and building the SDVS. The basic desi gn oh ilosophy was based on

a top-down des ici n , development , and test ing aporoach. Topics concern i ng

structured proaramminq techniques , programming standards , test

planning and configuration control , rehost abi litv of SDVS, definit ion of

control and data interfaces , etc. are also presented. Secticn five continues

w i t h  a d i scuss i on of the overal l  p rogram plan , the develo pment of SDVS in a

three phase effort , and concludes wi th some quantitative data concern i ng the

productivity achieved using the various develo~ment techn iques . Conclus i ons

and recommendations are outlines in section 6.
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hA1 S ( I 3 ~ E 1Cl _ L’ S

The purnose ~ tin (i I li tal Av ion ics Info rmation Syste m ( D A l I )
pro not ‘is t,n Io (-ions tratp a coherent solution to the pro h l  cii o~ pro—
11 •‘~~~~~~ 1 t ( I F ’  and nonst a ndard iz at i o n of a i r c ra f t  av ion i cs , to devo lno and

• 1” 1 h i t  bench” con fj gur ati on (known as the Integra ted Test Bed —

IT O ) t he DAIS on- , ont , a nd to perm it the A ir Force to assurie the initia —

‘iii in ~~ s nec if ica t ion  o f avionics configurat ions for future Air Force
n11 I l -n f l  S~~5 t e ’~ acqui Si ti ons.

Hi s t - ri ca l l y  mission information requ i rements have been established

a b c - se m i -~~.‘to n omous subsyste m areas such as naviqation , vie~pon del i very ,
St o reS ‘laninenent , fl ight controls , commun icat ions , etc. Jithin each of
t h O u ? f 1inct ’ to na l areas the trend has been t~~ ard digi tal  systems each w f th
i ts  111 1 uni que processin g ,  transfe r and d isplay of information. There has
ho€ ’tn an integration of requirements between functional areas only as

necessary for interaction purposes . The DA IS concept  p r oposes t h a t  the
processin g , r I 3 l t ip lex and display functi ons be comn~ n and se r v i c e  a l l the

r rev io us ly described areas or subfunct ions on an integrated basis. Dhen
coun lerl wi th other cxi sti ng Programs and facil i t ies, the DAIS “hot bench

will cont ain the flexibility to evaluate a spectrum of multiplex , process—

i ng and disp lay approaches such that decisions rega rding interface standards ,
p rocessin g architectures , display concepts , etc. , ca n he made. As technolo gy

becomes available and the “hot bench ” is programmed to solve desired aircraft

avionic prohiems , the b uilt -in flexibility will accept adaptation. In this

manner , an evolutionary nrowth will conti nually update the “hot bench ” con—

~iquration whenever the capability or need exists.

The DAIS design approach reflects a total system concept which is

‘‘i n ,t io n a l ly oriented rather than hardware oriented. For exam ple , a

‘ ‘ a  vi qa ti on s i ihsvs ter -’ in DAIS does not refer to a set of b lack boxes
whi  ch are i-ienti f iable functions which are perfo rme d various places
throughout the syste m . Not that the sy stem is not dedicated exc lus ively
to doing the nav iqat ion f unction alone; it is also used to perfo rm the
f-inn ti ons of many othe r ‘s ubsys tens I I  DAIS w i l l  certify ideas and classes
of c’qui prient that can sat isfy weapon system needs .

2
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- Ic ,  j f j  c oh j e n t i  yes of the DAIS prow ’ -” i n c l u de :

a . Develo p an ‘\ FSC in—hous e i: t pah i l  i t0 to ile 1ine , ic ons tt’ate ,
tes t , h r - I eva l uate evolution ary changes m d  r ef l -j i  00 ‘octs  i n
d iq i to l avionics .

H . De f ine  and design a hot bench’ confi ru ra t ion  for a 1 i i i  to-i
b ,~ rdi-;a re der-ron s tra ti on wi th growth potential to accor’rr-ioda to
a large c lass of weaner sys tens .

c. Ident i f y and recoi n-end standards , cri ter ia , l i i i  s pec i f i ca ti ons
wh ich mus t he inst i tuted to reduce the pr o l i fe ra t i o n  and
c o m n i ex i t y  of av ion ics syste ms .

d . Provide means for quanti tati vely ov a l  ua t i n r  cos t (both
acquis i t ion and l i fe cycle)  as pects and for exp lo i t ing
notential increases in re l i ab i l i ty , mainta inabi l i ty , and
versa t i l i t y  of future wea pon systems .

e~ Infl uence the design and develop rlerl t of sensors via inp ut—
outnut format specificati ons w hich wi l l  allow the new sensors
to be compatible wi th the DAIS concept and ens ure opti ma l
information trans f er and nanaqerrient .

‘ . Identi f ic a t io n of ‘ an y  diverse programs , o f f i c e s , etc ., invo lved
in diq ital avionics wi th the resul t ing integrat ion of their
require ments and actions into one coherent program .

The DAIS software hierarchy necessar y to support these goals is depic ted

i n  Finure 1 . The Fission software renresents the Oneration al Fli ght Pronran

(1’) F P )  for a na rt i  ci,la r DAIS simulated mission . The support sof tware  in~ l u’S-s

all the necessar y non real-t ime sof tware tools to aid in the  develo pment ,
testing, verification , and maintenance of the m ission software . These tools

include confi q urat ion manageme nt aids , funct ional and hit level s i m ulat ions
of the DAIS hot bench” , anIl riser interface languages . They are knoI~n co l lec t i ve ly
as the Software Pes iqn and Ver i f i cat ion System ( SI )VS ) .  In addit ion to the
SDVS , the DAIS s upport sof tw a re m d  udes the Inteo rated Test Bed ( ITB ) Support
Dnf~ -i-ire ~nr rea l—t ime  control and no nit n rin l’l of the DAIS “hot bench” .
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SECTI ON I I I

OVERV I EW OF THE DAI S IDT EGPIT T [[) T E ST BED

The D A I S  “h o t  b o r o ,h , or I r ( ! , 3 : I t , r 1  Ti s t  f led ( I T ~~~) i s  Fr i m I I ,, : I 1 ’ i

na nauo - - o n t  s y s t e m  c o n s i s t i n g  of a set of f - - O r a te d  r I r o c c s c r 1 iflt ’ - ( ’, - - ‘ - f

to each othe r , to av ion ic  sensors , and to c ‘ ‘,rol m l  d ispi  -
~r~ 

by a

t l J t — S T D — 1 5 5 3 P ,  nul t ip lex  data h is ; and a 5 - 0 : 0 1  faci l  it -i to I e r ’ f n l ” ‘~f l’

in f o r m at ion r - -i naqer-w ’nt systo r mo ni tor  and ( uritrol f i t  T U f l S .  F i i i ~~
’
~ - u—I is

a s impl i f ied  hi oc i I ia q ro - r  of the DAIS In f q r t  K (Id T - s t f l Od . n,~ 0 t 10) 1 o f

in f o r m a t ion I - f l a o e l- r n t  syste m funct ions is I m r f , r - r d  y he - r
~~~ ri ’ i S sj c,fl

software w h i c h  is part i t ioned among the DAIS processors .

The fo l low ing p a r d r r m n h s  highi i uht the functions of t h e ’~~r I 
(( IS ~~!

‘. - - -  F’ ’

Test f l - ed componen ts .

DAIS I n f o r ma t i o n  t l ana :eu’ent t ys  tern

The DAIS core ele ments show n in [inure 2 are b asi l on a f~ -- r -m e l

proc ess or a rch i tecture . Each DAIS o ro us sor  is connec ted to a i - - ;5 i n t ’ l

Interface Unit ( BCIU) w hich m i  t ia tes data t r c ns mr iss ion over a re i -n ’ L ,nt

mu l t i p lex  bus system between the processors and remote terminals (PT) .
latto r  being the inter face between the data bus and the si r - rul ted av io nic

equi pm ent. Each E3CI U is actual ly  an in te l l igent  I/O channel which ( O .f I ,U + eS

I/O cor -mn ands stored in the DAIS processor ’s memo ry . Centra l ized s ingle
point data bus protoco l is performed by a processor resident software execu-

tive and a selected master BCIU .

The ri r ro te to r i- n  nals provide an in ter face between the bus and a i rcra ft
equinr nents . Concept ional l y , it functions s i m i la r  to a UCIU by t ransferr ing
data to or from the equipment to wh ich it in te r fac e s .  The PT contains inte r—
face nodules wh ich can he interchanged to rirovi de the correct e lec t r i ca l
interface for di f ferent equip ment. It can a lso he progran m ie d to define t he

( ‘ loping of data between the bus and the ai rcraf t  equipments.

The miss ion software is d is t r ibuted am o n g  the  s e t , of processors in the

sys tem . It consists of app l ica t ion  sof tware , whi h performs the  prnce s si no
requi red for a speci f ic a i rcraf t /mission app l ica t ion , and the e x e cu t ive
s o f t w a r e , m-ihi ch perform s sys tern control and prov i los st rv l ( “ S  to the
app l icat ion sof tware .
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The executive software is furth er div i led j rm t,n f _ He ‘ I I , f i r - e j ~~~~ f , j  -je ,

and the 1 oca 1 execu t i ye. The ri ms te r exo ut i vi’, t ih 1 ch is re ~nns ib 1

sys t em c o n t r ol , resides in one processor des ig n i t e d  t,hI I ‘15 ter 000rj ’,s rr , .

The monitor execut ive resi des in the m i  tor :iI ’oc r’ss or , and  it ~ro’-ji d~s

a backup to the master execut i  -in . In the event of I is ter pt - o c esso r/ ’ma s-
ter DCIII failure , the monitor executi -’e will assume Sys tem control. A

copy of the loca l executive is located in each processor and provi- les

real —til d e services , in cl udin o data read and v iri te , t a s k con t r o l, et c . , to
the a~nlicat ion software .

The mission software will he imp lemented in tile JOVIAL J73/I hin ho ’

order lanqu ace utilizina structured prooran ning techniques , and a nodul ar

architecture approach .

2 DAIS Support Faci lf~~

The Supnort Facility will provide the necessar y interfaces to  set

ue , provide real-time control and monitoring functions , and collect data

for post run analysis for all DAIS testing activities.

A DEC10 connuter will be used to execute real -tine aircraft and

envi ronment models , compile (in J73) the DAIS executi ve and app lications

softw are , generate simulated mission scenarios , perforri pos t run analysis,

and maintain all the above files and sim ul ation data under a con finur ation

nananenent system .

The Performance rlonitorinq and Control (PMC ) comouter in Figure 3-1

is a PDP 11/40 interfaced with the DEC10 via a DI1J\ window . This -m achin e

will he used to load the mission software from DEC10 storage onto the DAIS

nrocessors . Operati on of each processor will he non i t o red by a Si iner

Control and Display Unit (SCADU ) and a Console Interface Unit (CIU) which

mon itor the processor ’s memo ry bus and perform such funct ions as nonito rino

snecified m emory addresses , tracin n branch instructions , hreak pointinq based

on events , etc. The PIIC compute r will interact wi th the user to set up

SCADLI monitoring naraneters and can a lso use canned scenar ios stored on the

OLC1D to set un the SCAD IJ . Real time dis pla y of sys tem ’ perfo rriance w ill be

avai l able on a local CRT.

- - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~ 
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T h e  S i r  - il n t v l  Subsystem - is D a t a  For ma t t ing  (SSDF) compute r controls
to o  ‘ i- i n s  Yp,_ ‘i da t a  between the s imnu ’I a t inn models ex ecut i nq on the DEC10

- l ( i ~ t he m K 5  r i s c  ‘ion sof tw a re v ia  the r ’ i i i l  t in lex system . It obta ins dita
• - i - m  the Si  rf l  Iti er R m o dels  needed to drive the backup cockp i t  instruments
a m - f  s r i ~ nh ies  i to thu coof in i  t inter face and the V i d eo  Contro l lenter

(ICC). TI e SSflF also provides a mass iecao r— i simulation . During re al—~ i”e

‘ - s  f inn , t ire OIT n ’ , e ives the s imu la ted  a i r c ra f t ’ s nosi t ion , a l t i tude , and

a ’tt i ~~- 1 ’  d- -i ta ~~ni’ the c ii”ul atio mi models. These para met e rs are used , aloo n

to the (ie~’ess1 ’~v d is n ln y ‘ m an in format ion , to pro v i ne the s i r - s i l a t ed

ex t e rn a l sc e ne d isp la y . Other V C C functi ons are the di iii tal recording of

the ba n L , u~ co c f l na  t instrument data and the video recording of DA IS controls
a i r l  - l i s n l  ays dat a .

.
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-I~ ‘ m ’~ c i  otior n t tb ’ S I m V ’

1’ ion 3 Inscribed ‘he DAIS I fln o l - l , - m ’ rd ~r , e ’ I  t m ’  h - i ’  l i -mac e

c nr ’ ’ i r e - c ( t io n t o ’ - t b ’  1nt r mrra t p i l  Test h i  f t  rH  ~ . T bi~ 
5,, 

~ ‘I’

lescr ihec  ~~~~ 
‘
~ - w h i ch  cons i s t s  oi l ar t  j ’ r~ ~ ‘ T t ’ ote l c oil , t,jO ’ of Soi ’ t —

e ,t r ’  t oo ls to r i d  in t he r leve lopi ’-e nt , c l ing  and ~~, t i n ’  o ’ th’- ic t  ‘ 1

~l i’ h t  so m
~~’ i re  to r  tbc DAI S o roc essor s . Th rough ~he 

n: .) , an ;ipp l ica-

ti ~‘ ms Dron ra:- rmn r a - mill have such c p ahi l i t ies as t i m e  a u t o - c i t e d  - on t nr~~ 0’

so~ ci-a -i re versions and changes • an al 1— di q i toi l s i m u l a t i o n  m ~ p - m h i i  i t t  ~~
g r ’

p~~. r ; 1 f j p q  and testino the DAIS Vi s sio n Sn ft~-ia ’-e raith ’m it use n ’ ~he ri t ua l

hardh -ja re . the au tn t ’ a t i c  con t ro l of S i m u l a t i o n  runs 10(1 the cdi ti ‘ i i  and

I.na lys is of the tes t— data generated , etc.  S DVS (t i  11 he iced hi both T i e
[Ir ’;r’ and other con t r - a o t ’ c personne l to a id  in the d e s in ir m , i r - p lm i ~- e ’ : t - a t ion

a i d  test i ro  o~
’ a l l  Miss ion “ n~ t i-ma r e for the DAIS hot-bench . The SDVS

too ls essenti a l ly  a u t o - a t e  m uch of the man ual setun and house keen inrj

a c t i - ~- i t i e s  n ’ -ev ion is lv  required for Sof tware develo pme nt in an i n te ’~r- a t e d

user ori ent ed toi cili t v.

The  ~ol lowing naranranhs s um m ar ize  the has i c f-i-ic t i Ons the ° DV T ”

nrovides users . Each of the bas ic  operat ion modes w i l l  he d iscnss ~ d i n

addi t ion to the S DV S proqrarirring lanoua ne for defi ni rig s imulated 3I\ i ~
s ,e ’ ra r ios and for edi t ion and disnl avinu si i ’m u lat i on data .

1. S DVS Modes of Oneration

Mode_Selection

m on entering the SflV~ , (by pm ’ rf o rr min i  an “R SFl ’JS”) the ise r is p roimlote -
for the desired node of operation . The ~n l low inq  scenar io  i l l u s t r a t e s  a

user enterinq SDVS ami d requesting ( v ia  the “H[LP” ‘ 0 - c o r e l )  a d i s p lay  o’ the

nodes of onerat ion.
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p coi v o

‘5 TO Gfl\!S i , - 1 0 ( 0 1 1 7 6 )  ~‘ 1( f )  fl f ’l [

(LOGS L 1,1371) ~~~~, IG5 [D T m ’ T’ IS SPVS 00 ’ , )

s : rvs  I flf It m l  . 
- ‘I [H lODE OF OP[1°ST lOfi IS DES I UI I)?

‘~~~ - I C L U
PLF -’- 1-F [qTrr ‘f’’ ~ 0 I S T T I P I L S  or opp o~ IPH g I l d , :

I L E  ~ L PAT IO’l ( r r ; )
T UP S p I ’ f l  S I’’ ) ~T lOS (SUPO)

re m ”  e m ~~ E l  T ( 
~~F

R O L L f l A~ ( P a i )
DEI ,ET ; ‘ m a R  ( t n ,-’~ j ( ; f  [) I1’)LY)
c~ p~ rrvr SOR m t m l l  ( ‘ ‘ -~-SAG 1 P ()5j ~ ) ( SN)
LOG OFF (LOG)

B- iced on t ie  r ise r ’ s I nnu t , ‘ VS i - j i ll enter the selected node of
o m le ra  t i n e  ~n d  per f o rm t I i,~ lesi red user m ct , io ns .  t ! henever the user is
4 rn1 s 1 10-f  in 5 5 0 , b~ ent , rs the [J - )fl’iI’[ comriand . The to l l~~,jnn naraar a phs
des cri p the seven h ,tc i c - ‘ Vt ’ mo les .

fTI e Generat ion

T’ ie F i le  Generation ‘ m ode provides the  necessar y tools and confi qurat ion

e m m e n t  a ids fo r  r- - aj n tenance of al l fi les assoc ia ted  ,- i i tn toe deve lonment ,

test . and v e r i t i c a t i o n  m it t ime dA IS s o f t w a r e . An ex tens ive  cata lo ging sjs u,a -

is c a i n t r i n e d  f o r ’ ,~ ‘es ’ c- r ut  di f ferent  types c f  sof tware control led ~y ~~V3

i nc1 - ~- i n ’ ~; 3A5 n’ s s i ’ ,-~ softwa re , SDVS test case files (defining simulatio n

s - n  ~- i o s  and data c o l b o i c t i o r  req  i - - ’ ’ m c - n r t s ) ,  envir on ment a- ’ d a i rcra f t  mode ls ,

‘ m d ~- - - -‘,t s i m m , ulr t ic ’ n data red i - ,tion ami d ana lys is  pro mj rams , Man ipulat ion of

‘ l i e s  a t a lo ed in 3~ V S is prov id ed for by a number of conversat ional  comumands
( e . g . ,  e d i t i n j ,  comp i l ing,  pr int ing,  etc. ) descr ibed in sect ion 4 .1 .2 .2 .

- File Stru ctm i re

E tch  fi le type is cata loged by SDVS on a ve rs ion/ rev is ion bas is .  For
exanp le , when the miser creates a mission software file , it is cataloged as
vers ion 1 , revision I) and stored in a “base line f i le ” . As the user ed its
the # lle in later sessions , he creates a number of revisions. Each revision
re s u lt s  in the edi ted chang es being cata loqed as a unique record in the
“-Ii f~~~ ’ r r n - p  f i le ” for the parti cu lar f i l e  version. At any poi n t  i n  time ,
hr ,ui l, nmh ine a l l  the revis ions assoc ia ted w i th  a part icular ve rsion and
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rra le a net-i vers ion wi th the convers at iona l  if ~T — Y [ 1 f S I O 5  1, 01 ‘ I ’ l l . Uru-le r

SDV S t he  riser can access any version ari d rev is ion n umber f o i a  a f i l e  S ) ‘ ( -,e
E ’i0 ’ 1 t [ Pb T Se SSion ( lenerateS a unique eel rI  in the d i f fe rence f i le  for a
pa r t i c u l a r  f i le  vers i on . [iqure 4—1 illustrates this ca pa h i l it- ,’.

( 2 )  F i le_Co nversa t i ona l  [onnrands

SDVS provides the riser a n umber of com mands to rierfn rm - ’ var iou s
ac t ions on SDVS fi les. The foll owing commands i l lus t rate s ome nf the

f - inct i  ons provi ded for:

HELP - Lis t  the for rrma t of all SDVS user cor” rm’inds
A CCESS — Make ava i lab le  a spec i f i c  file , iers i o t - , rev is ion

for processing
EDIT - Perfnrrr text editing on a file

CO MPIL[ - Compile a 373 proqram
COPY — [nov a f i le  onto another file nar’me

5 [ XT - V EPSIO t f  - Gene rate a new vers i on from al l  the rev is ions ml ’
the version specified

Pi’lPIT — Print a f i le on the syste m hard copy device
CREATE - Create a new file

[STE - Enter a f i le from the host computer into the S OVS
catalogs

OUTPUT - Output a file from SINS to the hos t computer

In internreting the above commands , SINS will interroq ate the Con-

fiquration Management cataloos to determine if the user has authori ty to

access the desired file (file security is speci fied in the Supervisor

Mode , section 4.1.7). If he does not , he i s outpu t an erro r messa qe and
asked what els e he wants to do; other~i ise the reques ted operation is

perfo rmed.

For example , if the user des i res to compil e vers i on 5, revision 2

of the file , MAV IGATI I)r-l , he would enter the follow ing:

COMPILE TIAV IGATION /5/2/FISW

-
‘ where £ISL-i indicates a mission software file type requirin o the JOVIAL

compiler. SINS will asse r’r~ile a sin gle text file from the difference

11
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t i l e  - a nd basel ine f i le  stored in the c a t a l o g s  (so n Ii tur r ) and ~ r l l

t ime s y s t e m - ,J f l \ / JA [  com pi ler .  Upon s o r - r n le t ion  0 the comp i l a t i on , f 5 r -

00 - oi li er tn 1 1 ret ire control  to SINS w h ich  w i l l  now a i i t m c - a t i c a l l y  1 in)

the t rans la ted  code to version 5 rev is ion 2 of t i l e  5/ \V I I iR TI t ) S . 5etc ,

tha t tb ’ m i se r does not rove to keep track of source file n am es , obiect

0 le na mes , et c . ; th ese funct ions are handle nl au toma t i ca l l y  by the 551’
Tim ” following nar aqraphs discuss the three basic file types maintained

he the SINS ; mission software , sim ulation test case , and  post runt cd i t

f i  ins .

(‘3) Mission Softwa re Files

The SINS catalogs provi de configuration control for the deve lopr ’rent ,

test , and maintenance of the DAIS mission software. The user will have f-m e

capab ility to create and edit JOVIA l , code and COMPOOL data files . SINS

wi l l  automatical ly l ink COMPOOL data files to program files in the catalons .

The use r will be able to produce listings , save  n ewly c reate d a nd
um dated files , an d invoke the ,JOV IAL 373 compiler or the DAIS processor

assembler . The SINS w i ll automatically catalo g all rev isi ons made to a
mission software file , and catalog object nodules from successf ul conpila—

ti ons.

Figure 4 is an exartple of an interactive SDVS session use ) to

create a mission software file (MSW— PQT—DR I’/ER— l ) that is to be linked

with a COMP0OL file. All user inputs are outlined.

(4) Simulat ion Test Case_Fi les

The File Generation mode of SINS operation also provides the user

the capabil i ty to create , modify , an d translate source test case files

conta ini n g Si m ulat i on Contro l Lan gua ge sta tements. These source test

case files provi de the di rectives which define the initialization and

con trol of a s im ulat i on run includin g sequ ences of operat i ons , failure
cond i ti ons , outputs to the rough output tape for post processing in the

Pos t Run Ed it Mode , etc .

The user inputs to build tes t case files are of two types , Conve rsa-

tional Lan guage and Simulation Contro l Lanquane. The use r will enter Con-

versational Lanquane commands to enter the appropriate file handli ng ‘-~ de

of operation , i.e., create , ed i t , pr int , copy , etc. The tes t case files ,

13



15 READY . h’H I CU l- ’I ’l! )F 01 (Wi RIl E I O N ~ IS  DI S I  R E U?

a d O  ;,;~i NO W ( N i l  RING F i ll  G E N E R A t I O N  MONE OF OPLRJH ION
H/ i l /~(,llON 1)0 YOU V T 3-~I (0 1 1 RI 0kM ?

I i ,  (ER “III LP” 10 I I  S I (HI IVA1 I AP I F CO;S-tra NDS
it , ! I R ‘‘HI [P COt - l -VG N Ib 0-SME ” J O GE T THE SY N lAX OF A GIV EN CO!-~ AND .
I a- I/I Aft t.S - (‘1~f DM1 Vi R- 11

1 1 1 £  IV - I ‘m )t-~S WI
5(1 1h~I JY I I  V I I  ~~2 ]
I 1ST ((5 5 01W I’ III ’ S , (IN I Al  A 11 M[ , US I N G ~ H[ EU! I fl~1 I UG I OMJ tA T

I I  t 5 A ~ LJVl k’S I O N / R E V I S I O N
I I  ~J t I5 r ,J JU l I 1ST WI (H A ‘ ‘# “ .

a ~t -~~ (dIP -01/4/ 1]
4 1 +

( b i t e :  1(55’OO L f~ irs raust a ii m - an dy e x i s t  m nd be c- mc p il ed)
I (ST LOPY ~ I I  I S , (IN E AT A II ME , 1)51MG THE I O il o’~ i MG 1 0 R1&41
( I I  / V I  I / S I O N / R I . V ISION
II )- , ‘ b I U A J E  ( H E  1 1S T Wi T H A ‘‘ 1i~~

”
•

m l  ](no COPY files)
(M ute :  COPY files erust already e x i s t , to be SJ I eC i  fied)

* I S l E  RIN G 1110 (‘MI A l  F SI SSIO N — —  START WI (H’ I’ —

(Utb ’OOL ‘ t t sw  - ct-~ -o 1 ( ( - o s R i )  ~PR OC ( 0 1  V L R;
RI  GIN

N UM = 4;
TI ME S Ii] = 4;
IIIIF S [2) 49;
TIM E S 13] = 19;
T I M E S [4 ) = 14;  I

( 115 s i l l  = 49;
( I t - b S [2 ) = 17;
11( 115(3 ) = 11;
l i t - tm  S (41 19;
‘ 1) 01 E’ (

( SI ) ;
c. $j

~~ RI I l l - S I N G  1 11DM 1 1)11 Sf SSIO N OR J/3

‘a )  I” ’ , 105 1 01 ilIl S (II F HAS 1) 1 ( N  [ R EA l  ID /N 1) I OCK ID (0 ( HIS USE R.
b O A T [a l ION 1)3 YOU 0/rN 1 (0 (‘( Mi 0kM?
I ‘ 1)013 1 Fj

Figure 4 Example of Creating a File in SDVS

14

~~~~~ 
. . . - — . ,

~~
. - - - —~~~~~ 

- 
~~~~~~~~~ 

- :‘ - - ‘
~~~~~~

‘ - 
-



the -selves , uill ( o ’ m t n i n  state me nts in t ime S i u lat iun  He ’ cl L a n -au ~a oi e
w h mic h are , a t  use ’- rme i mma’s t , tra nslated f e  an m nt a rnal lure f r r  iafn ,’ use

in di r-e t inn a Si r ’ mmnla t ion i  ruin .

The n r im-’a rv output of building test case ‘)les a r-c the internal fist

c-m e Oles wh i ch m i l l  he used to contro l the ini 0~a l i zi tion and ete cution

n~ si ul ation runs. In add i t ion , t ime user w i l l o) aj n  i r t ~~’ucti  — in o u t n u t s
d -mm -rnn Ole m a ni p ulation , suc h as su c cess fu l  com p le t ion  and ‘ ror m -mp s s a ’ j e s

The test case di recti yes file wi l l re ferenm a H ss i ce  5 j m two ca files

t hat  are to he used in the s i rmu lat ion . It w i l l  pro — i ide di m et ) icc to
me n ca ra te the rough output tape wh ich  w i l l  he a n al v7 ed a f t ” r  t b t ’  Si ul atic ’-
run is complete. The test case directives source ari d internal files are

ma in t ained ir, the SINS file cataloos . Ser:tion 4 N , (1) tn - c - a n t  an -~~n mi m 1 f

n f  a S i m ula t ion Control  1,anguani e pro g ram” .

(5 )  Post Pun Edit F i les

Th~ Fi le Generation node of SINS operation also provides the iser the
ca nab i l i t v  to create , modi fy ari d t r a n s l a t e  so u rce Pos t Pu n Ed it d i re ct i ves
f i les to inter nal fo rm. These PRE directi ves files contai n the Data Pro-

cessinq Lannuaqe commands which define the proc essin ri to he done on a

rough output tape in the SINS Post Run Editor mode of operat ion .

T im e user inputs are of two types , Conversat ional  Langua ge and fl~ to

Processin o Lanquaqe. The user wi ll enter Conversat ional  Languag e (Tnr -rrm ands

to select the des i red file handling i-rode of operation , i .e., create , ed i t ,

print , copy , etc. The PIlE directives files , will contain state m me m its in

time Data Proc essin ri Lanquaqe , which at user reques t , are translated to an

internal Orm for input to the Pos t Run Editor . ~ sample PIlE program is

presented in section 4 No. (1).

The prir ’rarv nutput of this mode of oneration are the internal PRE

directives files which are used in the Pos t Pun Editor SINS mode to perform

data cdi tin q functions on a part i  cu la r  rounh oiu~ put tape genera ted by a

si r -m a n lation run . In addition , the user v i i li obtain interact ive outputs ,

such as success f ul comp letion and erro r miess aqes , durinq the f i le r’ in ipu la-
tio ni and translation process . The PR d irectives files , source and internal

are cataloged by SDVS . A PRE directives file may be specified by the user

in a test case t i l e to he au t e r moO c a l l y  run at the end of a s imulat io n run .
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H and Run Si m ’ ru la t io n

T i n S mio li’ 0 a nnerati on is used to s c m i  t a s imn u lat ion run ba s e d

err a fec I c a se - Ii recti yes f i le  th a t  has nrev iously been created and

~rine- l a t p i . The mi ser inputs ~o r  this node of operat ion include :

o Snec i~~icati on of the test case f i le
o 5a xi ~ urm s i r mu la t i on  time
o T i e  of day for execut ing the s imulation 4

SPyS w i ll automatically:

o Oetripve the tes t case file and load the specified
m i s s i o n  softw are for simulat i on -

o Interact wi th the rrachi ne ope rator to mount the
n e C e S s m m - y tapes

o Pe r - t er m - m i  t i a l i za t ion  com mands spec i fied in the
user ’ s tes t case

o L - e c m m t e  the des ired s i mulat ion scenari o
o If sn e c i f i ed  in the tes t case , autor iat ical l y t ransfer

control  to the Post Ilun Edit node and pea -fo rm pos t run
data analysis and edit in c on the simul ati on data .

The software tools used for si rn u l ation of a DAIS mission are described

in sect ion ~

d. Pos t Run E d i t

The Post Pun E dit node p rov id es the use r wi th the ab i l i t y  to analyze
the data recorded on a Rouqh Outnut Tape durinq a si r- nu lati on run . Th e Pos t

7 - i ’  Ed itor will access the user—specified translated Post Run Edit directives

fi le . The directi ves will specif y wh a t da ta  i s to he se lected from the ROT ,
i-t h at an alysis is to he run on that data , w h a t  format is to he used to d isp la y
the ana lysis results , w h a t  u s er r o u t ine s are to be use d , and what dev i ces

f i r” to recei in the output files created by the Post Run [ditor .

Ti m e  Pos t Run [di tor provi des tabular printouts , interact i ve d isplays
-e nd Iota pluts ba sed on user directi ves . An important feature is the abi l i ty
f~r a user to wri te an anal ysis routine in ~JOV IAL and have it execute wi thin

the frar rc~~or l’ of the Post Run Edi tor.
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e. Ool 1 r~~

T’ ne ro ll hack f u m a m  ti on w i l l  nrovi ‘In I me - ‘ - n ’ • -c  c a - m t  1 1 i ty to
r a ast a~-t and rerun an SINS sir nla t~~ 

r- on a no j e t  d a m  inn a rme; ious
si” n il t ion run as stored cnn a sn ~- a m . Th’ m ’ , rar - r u c,han mn t I ’-
te st  me t o  ob ta in  add i t iona l  g m  - ,il f i r -  ou s t i ng  con i if i r n ns ,
Hllow inq  the point saved on the s : - ~ -s hr c t o ne . The p- e r  w i l l  -Ic this
by generat ing a Ro l l back  tes t ca se f i le whi ch v i  11 be r a rged - n H m n t a m

one used for the ear l ier  s i n - ru la t ion  by S DV S .

The use r will inp u t a spe cification of f’ie Rollback test case f ile

to be used and the or in inal  Tes t Case f i le .

The output s of this mode of operat ion w i l l  he a s iniu l at ion r in vihi cii
( i f  no m ;hannes were made in the tes t case file ) vm i ll exactl y m a tc h the
p rev ious one . Channes n-lay be made to provide further analysis of a s i n u i a_

tion m o r n  w hich  is of spec ia l  in teract .

f . Delete_ Mode

This rmode of operation is only available to the SDVS manager and provice

hi r e the capab i l i t y  to delete f i les from the various SDVS catalon c . Thi s

~nct io n was - o d e  a nianaqer level  function to a l low a r rane r  level cont ro l
over- tie disno sition of al l  files.

q. Sy~ er viso r Mode

Thi s rrode , like the Delete node , is availa b le only to the SINS

; m ,on000 r for con f igurat ion control purposes. On e of the features of the

SINS f i le  management scheme is that before a user m ay generate any f i le  in
File Generat i on — no e , sneci fi cati ons mus t have been created for that fil e ,

inc luding the prov is ion of a l i s t  of users viho are au thor ized f
~~ w r i t e

(~~. n .,  cr eate new versions ) on the file and , i f a p p r o p r iate , a l i s t  of users
who are f ree only to read it. The creation of file speci fications --m i s t he

performed fron Supervisor mode . This i-mode can he ente red only by a S PV S

-
‘ 

user logged in on the s pecia l  Manager proqrai’rmner n umber.
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In 5 ’m ’-vi sor - ‘mode , s l a b  a c ’ m m n t c  in the Conv e rsa t ion a l  L a r r ’a n n uqe n-l i 11
n’ Hmcnd . ~‘mc m~ rhese s~ m a m r - e a r  H vii 11 a l l  ow t~ m e  n ma n ianer to c r e a t e

s -~~ci ic i t i m mn s  a ’ i -nHi n an l ,a r file , and “rnt cr the initial list o~ users

- - h - )  h i v e  a - o r - i  t i  ~ g ra u d ar id /o n - n-i n to that f i le . Another state ment
ill iws t ha  ‘ a ’ :  a - ‘ a ’ a h-anne the a ath on i ty of a user frori read only to
rm~ d n - r i  5 ~r v i r -  vprc ,i , or a l l  new m isers to the l i s t  of authorize d users ,

;a’ us c - c  t’ rn m- - t h e  lis t . Sot , ir of  these commands nay he comi nl etely

s ’ - c i  H ed u - -  t I n e  ace r  or  Ha n - d y  ° lect to he par t ia l l y  or enti rely nrornpted
or f m lr n n c m e S sa~ v inHrm , at i -u r r .

her-c is cc l v  one t ype of output to the authorized user from Super-
v iso r-  mode . Thi s outnut - :nns ist c of info rmati on relayed to the user about

- a  • ‘c5 J ) t H nrocessin n his rem m u es t .  This rmi inht he a descr i n t ion of any
syn t - a - ~ e r --e r eibic h has been detected by SINS or an indicat ion that an erro r

oc c r -~-~~-j - - ‘ h i le  the re m i m o s t  was heinn processed , or a niessaqe indicat ing
t i - ’~ t h e  req nest  m- ma s s a t i s f i ed . The snec i f i ca t ion  f i les rand t1me l i s ts  gf

a t hen zed users are i n a c c e s s i b l e  to any SDVS user whet lron ’ in Supervisor
-- n- la  - = ‘ ct . Finnj rmi 4 —3 i l l us t ra tes  the use of this i-iode .

2. ~Y,’ c en La nouaa ec

b n the File Generation SD -I S riode , the user can c reate s i - - -u la t ion
t u t  m ac e and mo st run edit f i l e s . These f i les  are user - pnoq ron -n s n-/n i t ton

In the Sfl7~ Si -c l ation Ccrm tro l Lan n n naqe (SCL) and Data Process inn Language

(i)PL). The S i - m a l a t i o n  m ar i t rol Languag e provi deS the nechan is r- ’  fo r- the
55cr  5, ‘O a t min i a sini ul ation 1w spe ci fy inq in i t ia l  condit ions , schedul inn
e- /e r m S to occur tm ~ tH on tine or condi t ions , and speci fy inq outnut to he

n cr - ted The Sofa p rocess m g  Language is used to specify the output data

and f ,r e ut  desired (hardcopy printou t , term in al disp lay or Plot).

a.  S irnu1a en Contro1 Lannuaq~e

T he SINS S i n -r ul a t ion Con trol Language is a pro graimm i ng language used
to Sruec i’ / s i mu la ted DAIS m issions. The lang uage syntai is pa t terned a f t e r
th~ - IOVIA L lanquaqe and con he catenorized into (1) non-executable statements ,

— 7~~~~ ’ - . - ~~~~~— .-.,- ‘. - -• - - --• - - - —_—--c_— -•-- •- 



SDV S IS Ml GUY . 1:7 1 1 ( H  1-500 0, - I-:fm J ION is ov I ;- a l U?

‘ i€;iipr~t’ J ( o r ~J

YOU I R E N OW 1 0 1 1  R I O G  ~1il ’l M V I ’ O b  1 1 : 1 1 ) 1  (ii OP I R 4 1 1 O t ~
t:NPJ ,4L110N I X’) YOU 1 , 0 1  ( 0  P1 M l  ( 0 - I - ; ?

s J  :}~k(_A l [ -~~P 1 1~} I E I  M n I 0  t?R0C~~3J1~
1 ( 1 1  1 YPI :Ii~~ J -
SKIP ( ( CO (C R YES)?

I ~ I I R II NI S OF 11ff 1 D l t  (d~’ JU G I ( aM It~T , 001 A l A 1 1 1W:
r,J )[) IMOJI  CT 14!1i;-Oil R, P0 ( 0M i 5 ’71  II ~lLVi R , A~ C1 SS CO[) E

•
~ RE OLd (

~5 - CODE :iJ\ Y R E :
R ( R E A D  ONLY ACCE SS) OR
w (RI T~DJURI1E .4 CC ( S S)

Ii 0. ’,I!:Al[ TH E ( ( S T  NI (H A ~~ .

‘I ‘&

~ A DO 3?0? , ] l f l 2 Rj-n ‘-
~~~~

— 

‘::lAl !iC l ION DO ~OU 1 ’ / \ HT iO P1 10 ( a0J - ~?
(OR I’POC - 5/ ) a wj

l o l l  R 1, 1 M I S  OF (HE I- Oi l 001 HG Ol-~-)A l , lIME A T A 111W :
uiDD ~RO,,fl CT -Nt ,0 ~I3E R, PMOCPJ~~-~1 R-- l-~U!-2E R , A C C E  SS -IJOI)E

R E a  ~OV E PROJE CT - ;-i UV,3L R . i ROGRA P~V~LR~ UU!48ER
CHJ~~G[ PROJECT -Nu;~3[ R , P~~DGR~5ib-d . R Uu;~B F R , ME’.-! - ACC I SS -CO D E

‘)H I RE 4 CC [ S S- COD [ ~- ,AY BE:
R (Rr 40 - o ;JLY f \ CC F ss) OR
w (RuID/ l- IRII[  I4CC FSS)

1~~R~~IUA1[ THE l I S T  1- 11T H A L
‘
~ J~1hOV [ 3?O? , l f l iJ
3?O? ,1 )11 HAS W[t~ ~[HOV[D FROM THE I ( S T  OF .A U I I I O R I / F D  U S E R S .

~ Jç~tu~}J -

P RO~)1 CT iU~ BL R? 3?O21
F’ROGR J U -~-~[R NU 7~ [R?}65 3 1
NEW ACC ESS C OD E ? fw l
:~?o? , 653 HAS HAD HIS J\ U 1 H O R I  E Y  cllAN ;E. D TO W.

~1A DD] -

PR O JI  CT NUM13(. R? [ 3?O?J
- 

-~~ PROG RA MMER NUMBER? ks’J
ACCESS CO DE ? f RJ
ACCESS RI CORD S IOR I D.

~r

‘a HAT ACTION DO YOU ~AN1 TO P1 RI DM11?
4441LOGOF~~DO YOU WAN E YOUR I OG I ~t E P R INJ I D?  [NOj

SDVS 1IRMIN A 1ION Ja **  -

Figure ‘
~ ExampTe of Supervisor mode operation
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(2 )  - -a a n t  i n  s t a t e m e n t s , me d (3 )  as v a nch ronous s t , i fe ’ m annr f s .  The non—
e m - -~~ah le y a~ a ’ - - e m n t s  are ~nsed to convey con t ro l inforr ’ rat ion to the
sinu la r r n ’  s y s  5 -  s a m 1r as

o t m  - iss i  c’ sof t w are  to He 5 i n - m c i  m~ a d
o ~ ma ’ H i  ‘ rh t  : m n ’ ef i  le tape ten he m s e I

o the t ic  Hr lit progra m - to he e x e c u t e d  a f t e r- the si r’ rul a t i  inn

o He v a n  mO l es to he traced
o t a le ~- i r e  of c o r rp nte r  s i n - il at i  on ( ICS or SLS )

o the t y ,  n m~ m l  l h a n m ) ( and  t i n e )

e ’ - t - a i f l  seq j e t  ia i l y  ex ec uted s tate r ’~ nts provide many of the ca pahi i i  ties
o~ con - je n t m - --n a l  p r os r o m ’ m - - i n q  lanquaqe s such as F() RTRA N , PL— 1, and JOVIAL.
Other s c ; n n ! m t i a l  statements di rect the S i m u la t ion  lont r o l  Pro g ram to pe r—

~o r ~ 
- -a si ‘- ‘nil a ti on— rel ated f a n c  ti on . These s tate mn rents are used to:

o assi mn values to var iables
o trans Hr contro l to other statements
o evalu ate a logical expression and execute one of two state-

m e n t s  dependin g on the value of the expression
o a c f i j o ~~ s im -m u l a t c i computers
o co l lec t  n1at ~
o t a r n  t r a c e s  on and of f
o te nn inate the simu lat ion

~-s-i a ’ b ” c ’ m us stat e: -m c nts are not executed seq uent ia l ly ;  they are execute d
as -, ‘ - b ro nonj s l v as the resu lt of a r is er—s peci f ied condi tion becoming true.

a sense , the true s ta te  of the condit ion behaves as a software interrupt

wh i ‘,b f r i  rui ns the execut ion of the statement. There are three types of
c ond i t i ona l statements providinq d i f fe rent types of asynchronous contro l:

o The i-HIH s t a t e - a n t  contains a condit ion and a sub—statement.
T he f i rs t ti n- re the condition becomes true , the sub-statement
is executed . An Enu l ish Jan q uage analogy is “UI-men Harry gets

home ask him to go to the grocery store ” . T he firs t tiume
Harry gets home he is asked to go to the sto re ; he is not
asked every tine he gets home.
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o ~h 01 ) 1 ’S V I I  s oter-n nt . - a l so con ta i n s a cond i t ion  and a s i7-

~ ‘t p - e ~ t. I v e r - ’ H  ‘~ c’ the - mmcdi  f I n mm he cia ’s t,r - m e , He s il

S t a t e m ent is execu ted . - 5 n n a n r , a inn’  is “ I h e r r am v c t ) ’ a -  c a r  a 5 - 5

on gas , m i l l  i t, m a n . The caa ge ts  f i l l e I  Un e ’ J O m ’ V t i ’ p  it

- unc lot, cnn nas

o The SO IL S statem e nt contains a condi t ion , a renet i t ion
+ n-en aency a n d  the ha m - c  of an SCL nnncedure. tin t il t Ire

con d i t ion I m e n ,o’ es f a l s e  the SCL nrocedure is ner f o rm-ed
ra ’ peat ed l v  at that spec i f i ed  ra te . The old say in g “Se en

doinn it until you net it ri ght ” r igh t he ir- lplen’lented n is in e

a ‘Jg I LE staten - rent.

( 1 )  
~CL Han-np] e

To illustra te use of the SCL in testinu mission softw a re , consi de r the

:la ’velolr m en t of a new navi qation a lqon i than , NAy, that has been c rea ted  a n )

c o -n ile l in the SDVS n- mi ssion sof tware f i le cata lons . The use r is intereste d

in nenerati no a fi i oh t prof i le such that the SDV S avi onic and sensor ‘ mod e ls

~iili oenerate realist ic naviqat ion sensor data for input to the ‘S’V routine.

Finure 6 is a pictorial representation of the followin g fi i nht

s c e n a r i o :

o Takeof f  is ~t 1 ati  t ide 350 , 1 on gi tude 1170 wi th a thrust com m and

of 12000 pounds.

o llhen the X veloci ty 171) fps r~i tch the a i r c r a f t  at  20/ se c ond .

o Uhen the nitch angle ‘ 20°, naintain that pitch.

o ‘hen alti tude exceeds 10001) feet , level the aircraft by settin g

a nenativ e pi tch rate.

— 
o Uhen the pitch angle is less than zero , terminate the si ‘ad a—

tion .

ijsinq time SINS SCL , the user builds a tes t case file to specify :

- , 

o The flight nrofile.

o Data to he recorded for post processinn .

o Sensor data to he used by the NAV routine.

21
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Figure 7 is -in SIL p n - n m m a ’ar ’m f r a n  this r ’ / l n ’ : p l P . One r” n i e r h ill
n o te the followin g points in this s m rmp i r ’ pro n r -mm’ m:

o The C0~I[IGUR[ s t a t e m ent S a ne I fies the ST /VS ) AI I INI r’ao—Ir-

which al low s a user t i  i n te n -
~ , nm e d i a— ne t l y  w i t h  enil r - c rn n men m t

model data via - mc EFS (Execut i  ye ~~~ f inn  a ]  Si -ci  5 ion )
block instead of using the real OPa l ’  execu t i ve  sn ’tw a re .
It also sper i f r e s  the SO V S s i m u l a t o r  ( the SLS) armd the
f i les to he loaded (vers ion 1 r-a ”visinn 0 of N/N).

o The [ES Cont rol 131 ock  ( Lr ’ - ’a A v — INtl T)  def i’ne~ the as si cr-

men t of ernvir onrm ent rmode sensor data (ho oted by the

p ref i a E: ) to va n ah l e s  in thi’ pro m- - a m  -
, N/N These

assiqnment statements will he P ar - n - ated na- - i o u - ally at

t im e s  ner secon d n r - io r  to a a y e , it j ,~~m the H-I “- - i a ’  as Ic—
f ined by the s ta tr-- ’n e ra t

PERFORM EFS—N /\V— l OP T I V )  ~ .03 1 5 ‘ - IL 11)00;.

o The I~)CLUDE s tate mrent al l  ~ ‘s t a ne m ise r  ~ m n co p- , in ~~

tes t case files to he included as ‘ a t i )~~ 
ra m p ~ a~ S t  a m - .

o The ROT—SIM—DATA b lock def in es -m odel - j a m , )  m iss j r  S O f t w i r-e

pos i ti on data that is to he ra ’cor - ,1p~i -m r a - a  m m r r - 1  a s

defined hy the statenent ,

PE~3FORM RO T—SI l l —DATA EV ERY 1 l ! r ) T IL 1(100 ;.

o The SON — trI l l  b lock defines a l l  the i n it i a l  r,o n I i t i o ps  at
qround zero. These assiqnments are executed hy the

statement ,

P ERF 0 R~I CO rl—I N IT;.

• o The statements defining the mission profile correspond

to the fligh t profile illus tra ted in Figure 4-4.
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- fl- i ta Pmoc ”ss inn Lann aa’ ir - O’~7

A ri\ !5 si m i l , a t i n r m  1 ,af lP rO t~~~ 
-a v ’ n l m a m ’ ’ ‘ n~ data co l le i , t a m at

o n e r o u s  ‘ o i ’ r t s  inn , m s i r ” a l a t r o n . lith fbi’ m l  He ac e r  can s nec i ’ — ’
h~ t ’ i n:onm di t innal aar~1 nani condi t j cr m ~ l P-,’m~rm t s t tm mn ’ raa~ : i l  t i n  t h e  out put

da ta  t mm a ‘ o m an tm i O n a t n i t  T a pe. h i S  t ,Ipn~ - : n m n f , i m m s  m a l l  F Ire s i m ’ u l a t m m r

t ’ i e  n) a t r ’ m a t s , m l~ea ’1 ‘ a p  o f  ‘ n ‘ i S ~ ion so ’ Lmra re foa ’ eac h i I m I S  ‘ir’ ’ c ’ssor ,

n - i ’ m t i - c  p - e r a ’ - a c t  a-j
~ r m i r m n  ‘ n p s s , m ( a m s  Ho -n the various sim u lators , m j , a t - n

a ‘ m n m -  ta re env i r m i ’ n ’  e ’ m t, - i m le l s a n’ (  ‘ m i s s i o n  s o t t m - i e a r a ’  i c n f i r a e f I ’’ t Ine u ’ ; m? a — ,

ct— . • as tS r-v  0” a n ’ i ’ m  s i - - d a t e d  time . Fi nure 7 il l I ast a - en tes th an p c

of  a lo a q a l O a ’~~ :at  To ne ( L O T)  I - n b c) : a l r , f i nj nn  the va r iab les  to be recor cnm - .

every second d i r i r r n  a si nnul ati on . From the vast vn l n n’ie of data , tIme mise r

‘ - - - i s t  m e a b l e  to so rt  out and d isp lay the infor a nmat ion in a meanin u H] 
~
‘ r -

The SDVS Data Processing Langu age has been designed to nrovide t i-n

S m , ’ a -is er an easy to use ~lex ib ie  tool to se lec t  for a n a l y s i s , pr intout
or O l o t t i n r i  the s p e c i f i c  parameter data he des i res .  Ir s e lec t in - r  data
to :e  o u t o u t , t hen user does not have to - iorry about convers ion of - mn ssi on

s o f t - j a r -en or enviro nment mode l data frornm binary to the correct o ut ’ r ut  fo r- at ,

t a l  s is al l  ena ndled auto mati  cal iv by SDVS.  To dete nnr i ne the cor rec t  Hr its
7)13 reads tOo synmbo i tables generated for mission s-:~H 

,nre and envi ron n e t

m odel proj rams by the JOVIAL and FORTRAN co moi lers , ami d cx ta -a cts tOe neces s a r .-
iofo n:nat ion. Th is  SDVS tool removes much of the drudn] e ry sometim es
assoc ia ted  - ‘iith data anal ys i s .  The DPL provides the fo l low ing  user o r i e n t ?  I
f u n c t i ons :

o qeneration and ed i t ing  of data f i l es  conta in ing user

defined varia bles from the ROT .

o A PRINT canahi 1 i ty to output qeoerated data files to

the printer.

o I\ DI SPLAy capability to output information to the user ’ s

interactive terminal.

o ~ , statistical nac h-ane to commute statistical information

of si r -nilaflon dat? .
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O - ‘  ato m mIt C -~ e m n e n a t m o m m Ot  m n lot ’ -, n t s n n m t  on c o i l ” m t e - m  s a ’ m u l a t i n n

o a -, a~~l O n  ~ ,e r - , j j m n i  i n ’ ) an alys i s n ’-juti ni es us ia , m a
S 1 / ~~ i a t io n  PIT.

( 1 )  n n p ) : ,,~~~ ]~

H m m a re 8 is a DPL proq ra mn that can he m ace d to o rocess dat a
cr ’ l len t e d  in t’me SCL exa mp le shown in Fi c a r e  7.

T m i  S ‘rnl. ir (n imr , i is used ~o p a -i n t out  the en v i ronnental model a nn
- -  i S S i - ’j ’ m 50 ”t m m l e r n  nay Ln t i . Th is data n- j ill I-ne printed on the line printer ,

, a m d  - -- i i ll he analyzed iv -i user routine , error ana lysis , to determine the
- -  is ~ i n n  snftnjane e r ro r - . T h i s  error is then plotted as a functi on of time .

The re - Ic r should mote the fo liowinn points fromir this sa mple
n r c ’ : ’— - ’

o T op i’OOF II i IJR [ statement spec i fies the use r rout i ne to
a ne C /lim i te d , and its language ( m JOV IAL) .

o The SL ISPA T S statement is used to create a data f i le ,
o r \ mm _ a l , ST P , w m i c h  includes a ll the data on the ROT block ,
‘1tm T~S I

o The rnmP!11, T s ta te n- rent  is used to define the format of
tS r -  data film ’ (TI /N -ACC U RACY) which is computed by the

user ’ s routirnr’ .

o Th e PRINT statement will automatically print out all the

data contained in the data file , NA y—DA TA . The output is
in a tabul a r forma t and is tine tagged .

o The Pl OT commands shotan all ow the user to specify the plot

title , the axis titles , and any des i red data conversions.

The miser co u l d a l so  spec i fy the X and V axis lengths , the

ninir ’mu n and maximum Y. and V values allowed , and any biases

to he added or subtracted from’n variables to be plotted.
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~i aa ;s noim L n ’ : j n ; r  rn ’ ’  is  ~‘ : m o  no m a i l  o n  n m
nn v. n m m  nit a - m m m i  -~— J ’ ‘‘i - I :  - s~~m~ r a a m a  -~-n a ‘n ’’

A n I L  an l o’ ; a - ” - ma :’ raon -
~i~~ c m -- ~n - . :mm n’ i n  LI - NV

a an • A’; ’ a. n ! ;,- -~~ —cm m y A a a m  - :  im . ’To ~n ’- : r - . i”~ ‘t:’’.ii:: mn ; - ~ — —  P a t s ”

~S i , r  PL Om Tm iS A r c ’ , L l r n ’ , or Tm’:”

~~~~~~ an III ;S[ R ‘ RW” ’ -l A: ‘s ; s  roan air-

Cc~n IGuD1 ammP RoifT ! NL Jsl~AL [a- :y p J , r L y s : s f , / o ;

mm av.Ir Ta n r iT A iii • •~s v—o.mn ~~. Co r a T A m i a r a G ”
“Ta-i a- A mmA n TIRS ~N F Da BlOC • AOT-SIIa— D?,TA .

c n n  mm ’ - m ::o COT-s pm- DATA~

a ‘i~ m l  1:_ iA mn i’ - ’.:r- : ’ : os  T- 1[ c ; I r v -J ’i Oj Oar m — n R
an:m n n a - ; n .  1~ 15 n - c m/u i  is t a i  m m - .- ,~~,1; r- , ~~~ 10; :.‘- l lPm ’L .1

— a o o n n n n c n  • AImiU - t • ‘c . : Tar SJ r ; a [ A T I0 : i  i l - s. TIn ’c

rOa u’.AT T iA V- ACdan mm A CY
BE GIN

FLOA T 115: tI - j v- a.
FSOAT1’:c : ac - - r a m .
I l c : . m a ’ ,:, f , L 1 - i ’ ~i~Ftc m oa  a; u r iC

END;

PR1II T 0111 ALL THI am - -a I~’aD (CS NA’/ DATA

ARTFUl BAA - DATA;

“El i  CUTE 111 USER pm-ni a r t . [P A ) R - t N A L Y S  IS . jun-i l Ui c c c  ~iIm 5—
TH E t,AwCA T I ON I n~n)R --

I I I P I JT F I L l :  ani - :- (LATA ”
01fl 1 UT F ill : FIAV-ACCUR.iC (

IXICUT E ERROR -A c IS IS

B A R - [A l A  :? ,A V -  ACCUR ,S CY ;

‘110% ThE com puT ED mj ~aiIm , T a mos EFROPS AS A Fu-aC ’iIO a OF T mm am

PL OT raA - .- r~~~-5A~ y s i n — i l  a m~ L A T - r P R ( k A r ’ - Drc. )
I IT L E- ’IA TIT U D L IRNO R VS fl i t’
V a r - t i -  ‘ui nff( sECr
i11.in i - ’ ’ i r T l  un not [ a -IAJR ’ DtG l I;

PLOT UAV- ACC af lT A CY i t?i-Tir ’ i . t O N- r lm(Fm oo- Drc)
1ITt (’lO :a;ITUDE !r ’ IV VS. TPI[’
x lA. 5 L i •  ‘ l l a m a  ( S I  C ) ’
y a AanLC- ’ rO ’aG;l uc ’ ( Rnm&X ( D m 0 ) ’ ;

PL OT MAR f.cCInRACY SIM -Ilnil • AL 1-i rR
11111- Al uiiu’ oL EnP ur  VS . liii ’
X LAOLa— ’lIiii (SIC)
OL L ( • A L I ITU ’a L  EFmP oR)FI[1 )’ ;

Fi gure )~ Samp le S[)VS DPL Pro gram
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-Y lV ’ . H m - ma lat i o n _ F a ci li ties

3~ r t i n o ’ m  I , C.  ( ) p s c rj hej  the S DVS Set Ho and Rnj r i  L ir- r ul ~it io n  Mode

i : n ~ ic h a ;çpr ç~ m i a n l f j p ~ a test  case f i le  def in ing  the d es i a -e ’I sir ’mul~a t iorn
S c e n a r i o . Sec t ion  - 1. , a. :;r°sented an introduct ion into the t es t  ca ne

1 a ’ ra m vne used t i n  ajescri he s jn -: n j l ation scenarios . The nurnose o tm this sra -,tio n

is ~~i’ n- - m s c ’nf t a me SPVS sin”ul a t ion  tools that  sim ul ate the DAIS i a n n F . ./ a c n

( c o  es so ec , d a t a  i ” i t S  , t-C~I m o t r ~ te r m ina ls )  show n in the ri miht ha l f  of Fi ’cire

2 a m - I  o rov ide a nal onon is ‘ s aan no r t ” c ana b i l i t i e s  shown in the l e f t  hal f
- n c  t he  SO P ‘iqurr-

r i o - t a -p 
~ nrese nts the DAIS Intenrated Test Led Fac i l i ty  f m -  a S DV S

Si  - ‘ ‘ a la ’ i o n  noint of v ie- i .

Th a ’ la’H ha lf  of Finure 9 i l l us t ra tes  the SDVS suonort f a c i l i t i e s  for
c l i ss i na n  s o f t - -are test inc and va l i da t i on  funct ions. The heart of this
s - i r mo or t  f a c i l i t y  is the Si r iu la t ion Monitor and Control  funct ion . It ca n
l a  ‘tjem-j r~ri 5’.’ the user as a “v i r t u a l  m a c h i n e ” roerfo rning functions of the
n- ”’*)r’ a n n e  Ho n r i t o r and Contro l and Sian ulated Suhsystens Data Formatter
cr it em -s of Lhe DAIS sm jpnort facilit y . The virtual SDVS machine is

a c t - a a l l ’ ~ ‘ - m a c h  lore pow erf ul than the actual  com puters s ince there are no
i~~ r i a i a r m  li’ -’i t ati ons , and all m’ nonitoring and control functions can occur

I ’ m  emn si’ ila t i on ti r e .

The ri oht  ha l f  of Finure 9 shows the SDVS sim ulators of the DAIS
r r ) I - - r i ne , lt s  The only sim ulator not included in the curren t vea-sion of

S’ - .’ a r - a ’- for the DAIS Controls and Displays w hich nay he added at a
f-jta,re date . The SDVS code executors consist of both a Stater -nent L evel

Sim ulat or (SLS ) and an Interpret ive Coi,ipa iter Sin’ iulator ( IC S ) .  The SLS
e / e : n a t e s  Hssinn sof tware generated by the 173 compiler for execut ion on
t i me ins t LEC1O , n-/ an i l e  the ICS executes the actua l DAIS processor code with

hit level accuracy .  Since the SLS ac tua l l y  exec utes on the DEC10 . the
th rn m a q a ar it is very hi nh cor -np ’n m-e’l to the intprpr etive execution of the ICS .

These two tools provi de the user a choice of f ide l i ty  is the s in nmulati on

of mission softw a re code .
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a - — t n ’ is  n , r n , o r ~ F o ci  I i  -
-

- 5 [ 1 V L  Ste m -cn n ’ 
~ F a  — i i i  I ,‘ cons i s ts o a a n an i n ’:i ia - r or tools a m 1 ~a SD . -

c - PS ~a l j nnnl eoern f e S i -  ;~~~ ! i ; n m n  S a - m n - i n  —! a ’ ’ i m : e i l  in tim e a ’ a; a ’ S 5e~~t -

o l- ’  f te Si I~ ~ i n n  ‘- i  co r an - I  - ‘ n S a - e l a inc t i  e n  i n  t a - c o r e  t’ . the - in ’ .

t “ons la~ a’-- l S j -  i l m a t i e m  u t -e l Lanquo ne tes case a l i t  pea - f o r” ç ~~~‘ ,° m n ( -n -ss ,a r v

‘ - an t io n i s . Th e  t r ; ’ - - l a t e i t  tm es ’ case pc - , e m m t j ,n l ly  consists of a n u m ber of

‘ n 1cc n m - I  i n s ~~r :r ’tT -nais ! n - t i ’ l i m - i t  -l c n tm to f e  collecte d , r’ non i t o r i n ° n  of

Ii t~onal ev e n t’ ; , m ic a- r - 4 n , t i - - n  control  of s j r - n n a l a t i o n  eve nts , execut ion

oa 
~ ‘r a - ‘ ‘° rm n am’ ” e ~n t models , ~~~~~

(1) Code [xe— it o r Li nik er /Loaders

Si mo n ‘-;m!S to n simulate both DEC IH and LAIS nrocessor code , i t  ‘lust

‘i” - :L ln to l ink a n t  load both t —~ne s of obj ect  code . In addit i  on to load—

i n n ’ :  obje t code the l int  n ’  - - l oaders  a l so  nroc ess s noe cia l  tahles ccaaae ra te - d

by t’ n ’ - J / ’~ r- i ss ioo sot t r - - - a r r -  con - a p i  1cr for SDVS use. These tables include
ti 1p S t - n ’ em - p in t boundar i es ~or each dOV I. ’~ sta tem ’rent a o l  a l i s t  o f the
van ahies that can he se t  Ha ’ e ac h ~lOV IAL s tatem ’nent. The state me n t  hound aa’-i

i n f o rm a t i o n  enables SDV S to trace inissiorm softw are ex ecut ioo at the ,lOVIr ,L

st a l:en ’ r”-t lr-nel . The l i s t  of va n ables set for each state :- mer r t  is IJS PH to
s a t  un t m m r - monitorinc f a c i l i t i e s  for eva lua t ing  condi t ional  events (C. rl .

S imu la t ion  C orm tr ol L-j on r i ag e )HLL , L- IHE NE\/ ER , and dHILE s ta tements) .

(2) Su~n- ps hot i’Po l l ba c k

T n nrn Si --n i l ati on Control  Language includes a SNA PSHOT statement wh ich ,
a - jIm a ’  e ecuted da a r inn the course of a s i r— m ulat ion , resul ts in sav in g the

stat’- a~~tm the n -miSS ion software , the code executors , the da ta bu s mo de l , a n d

time c- n- u real - - c -a n t n-m od e ls. A snapshot can he performed based on a condi tional

e- ’e nt  ( ‘n . n. , f t m f [~ A > 50 OR B < 31) THEN PFRFORM SNAPSHOT), or at periodic

in terva ls  as d~ f ioenl in the Sim ’maila tion Contro l Language.

Thin m iser can later initiate a rollback via the SDVS Rollback node

to any sia’ m mal a t ima n snapshot point and restart the simulation from that

i’m l a m  t . In restarting a sim ulation , the user can mnodi fy his test case

~jles to delete or add new conditions to he evaluated , re— initialize
m i ss ion so f t v i - n re  and envir o nmm~ nt model data , and add or delete SCL control

In l on ks (s i at reut ines )
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Tha n - ann n m ’ t t is to ol c~ n i sav e  i - - a ny  ho rs a n t  PLC1O o l m m j t e r  t i n- ne
mv an(Y a v i m i t a n  s a n - n  s i n ’ m a i l a a i n m m m  rm aa s ~roi:n t~~~

- p  .~~r-o So m ’ - t  nore -Ic—
N - ‘ 

~ ‘ - le a , o ’ lon . o~ 
I a ’ m a l v ’ r -  le n - f ore - -na n ’ - t n -i 1,~ni r 1 If lq c r i t i ca l

I n 
~~~~~~ i i  m e r ’ r m s s  ion so t  Scra m - i n or envi r o n n -- e r m t models .

- m Pa- co ‘- - I i  a i i m

~DVS c ,‘n - r - m  e r - f  a m e a l  tin of inf on-m-- ,a tion to assist the user in
a i t , f a n  a ; i l’ l ’ l  or v a l i da t i on  cit m i s s i o n  no f t n ia rn. T~n ?  data that can he

‘ led f a r ing a s i m n n a l a t i o n  j n c l - a n f a - c  the fe l lo m-t in r i :

(a ) t o - I ’- e c e c n a t o r  t rac e ia ifor n -oti on (staten-rent trace , t-’a nisfen

t r,r - n a , lb S register Sa”ace , ICS i n stnic tion trace , nn tc. ) .

I )  D a t a  f n a ~ si mulation trace informa tion ([/0 intern -tots

m~~’n ey- a  ted , bus cnn m m-m ee ts , bus traf fic , etc.

( c )  [nvi ronr ’ment - ‘ model t race information def i o  in to  the time
each r-iodel a-ias executed.

~i ) 
m! a lnj es of va n ables se lec ted  to be t raced by the user each

ti n - c they are ma p d~ ted.

( c )  S im ulat ion run ti m-ne m a m m a  or erro r r- ressa n’m es detected t v

S nvS . -

(c )  User def ined m - niss i  on sof twar e or envi r-onmnlent m-node l data as
rpm- j e sted by the riser.

As descr ibed in sect ion  4 .2 .2 .1, the miser ca im anal y ze data collect ed

Ii -’  0 si  - n a l t n t i o n  by const ruc t ion a pro i’irarl in tv’ SDt!S Data Process inq

mm - I n t o  n- .

( 4 )  S m I  i~ys t e mc f l a t a  Format t in~
I~ioce SDV S uses the same envi room- m er it . rndels that w i l l  he used on

tt ip actua l fac i l i t y , the Suhsys t e n-ms Dat ,’a Fo rr iratting function is very

si n - m il an for moth ~ flnj5 s i r - n n a l ~~t inans and DAIS f a c i l i ty .  The only difference

is th at for SDVS , th i s  F unc t ion interfaces w i t h  the s i m u l a t i o n  of the
me n- not e term inals i nd nided as par t  of the  data  bus si m’ iulation . As the

_________________-- - - -  -~~~~~~ -—~~--~-~~ - - ~~
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- 1 5 d m’ 5 r ~ ’ t e a m - a ’  ‘ i x n v m a t l V e  initia t~s I/ i’) a n ) r - n - ’ ,aa i t s m i n i  n h  a- i dr nss var ia i) les
- i ’ - m ; t p i l  ~v ‘ me e n v i ro e -- m en - m t - c m - l o i s , th is  6 m a an c t i o m m  t r i l l  s i - m ’ r ~nl the S i ’ i n i l r a —

* I -e ~ ‘ Le n  i t o  and Con tn ’nl t t an c ion to pass do t ,a to , or re ce I ye data frnn r--

a - mIni. aan ’ I  i ‘ ‘ m e c e s c a r v , p a~i - a t c n  t 1ic- appronm ia te  m odel at  that ins toot
- n ~ si ’ ’u lati m n tim - n . Th i s t m n n i m f l i g u a ’  ~ t a l x e c n a 4 ,inn n a n / i  ronn n’x- nt ‘m odelS o n

e’ - nal I i n s - i -nc a c c u r a t e  sensor n l~~tö for tha n - m iss ion  so f twa re .

(5~ S i n  ui~~tc-r l ~nal Time Clod- and P-an Tine Control

T hes e ten funct ions provide the seguencin g of si mc a l ation even ts

. i n i  cb i a -~ ye  the Si - n i l  ~t j p n~ Il on i t o m a n d  C o n t r o l funct ion . Th e sim - nul a te _ i

c lod alo’i o n- ’ I t h  seve ra l event queues provide the abi l i ty to sim ulate in SDVS
a l l  t 1no pa a” al le l operations th at occur simultaneously on the real DAIS

~a c i 1 i t - - . The  narol id o nerat ions include the operat ion of n ’m u l t i u l e
f i - - e s ~~o i a -s omi t ‘-n i l ti m o l e Hu Ms .

O~~~0 ti - c contro l includes the gmi ea a in ci of events for data record in am ,

‘a ~e c n a t i o n  o~ en v i  a-nan --cot ‘nodel 5 , Si nulati on of t ransmission del ays over
-~~ 1p dat - a  h i s , c-valuation of condi ti onal events , and performanc e of Simul a—
tion Co ntr ol Lanniuane “saahrout ’ines ” . This funct ion prov ides con trol of a

~-v~ ncr  Event T a b l e  whi ch disnatches the events descr ibed above for execu-
t ion .

Lfl’JO S i - u l  ato rs

T1 ne pnj~ s i m m m j l o t o rs of the actua l DAIS hard’~-iare provi de~ aisea - tools
to -te l - m i - i  - and va l i da te  DAIS n - miss i on  sof tware in conjun ction s-u th , or to

ta r p ex cl us ion of , the act ual DAIS hards ’uare . The code executors and data
h a s  s i - n a l a t i o n  each contain a small interface for communication wi th the
S i - - - ea lat i o n  Contro l and ~‘onn i tor functi on . This in ter face nrov ides da ta to

t m np si n n al ators to m d i  note s imulat ion of error condi tions (bad pari ty on

the h-is , inva J i’ i  bus nrotocol , etc. ) and receives data from the s im - nul a tor s
tn) lie l o r ” c a cl by the Data Ilecordinq function. This iaa ter face is wel l

~i ned and docu m -m e nted s rich that i t would  he possible to s ribs ti tute a
di fferent ICC for a new DAIS processor , or a dif fe rent Data Bus s imu lat ion
for a di f fe ren t n- m ul t i p le x  protocol . This abi l i ty  to subst i tute SDVS
sim - -a i la tor s is also ‘nossib le beca u se  the SDVS Support Fac i l i ty  show n in
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Fl nn a r n  6 , aa n l t he S i - - - n a l  a t  ion L e a n t  n -el en - I L, t a  Pr om ecu i nq 1 - m a n - I  na ’~es h -ave
or~~m ] - la-c - n a m e d  to  Inn ’ as i n o d a ; n a ’ m n n l a - n t  ,u-; pnss ~hl’ n fm -or - n t~na - s i r - - a l ,  a O r - - ’ . .

n a p a h il i t u  ‘,fl Sn a I i S t~i tote s i nmn i] ntmtm ” , no i n erme on a -m h n le  ne-i cir, a - l I of n p S c a n m - i ~rl
Sl°V b a n - ’ - - l i c a t j n n s .  As r u i n  r as 515 is to be a~ y n I ten a _- j ~~lj ia m . - - a n d  s l id - , ra~~- .

av ionic 1ra r -tn- - ,ar e and S O f t ,~ a a a  cone - - f e , ‘d~V ’, could he - i -me d -as an a an- ~m ’ o e i -r _

i , n -m fa n i l i t -,  to  c ’ v a l m n n - t m ’  t I n a ’  il-IS n f l a l ( i a m n t  W i  lii - 1 i ’ ~~-a ’e nt nr’v r-Ss or co n~
-- a l i t  l it i~ s , - f r t , u  bias protocol , eta . S i n e  the C irmalation rp antmo l Lo ’ne ’ i ; n mc-

~“ct  case m n a - c m i n r , r m - - s  and f lat a Pmoc os s inai  L -an - r ua n e nost nrocess inn ‘mro n r~ m - n

ire i r md a ~rmend~nt of the si -- -ni l atoms , a num - r kaer o f s t - in - Ia  mdi zed nmnnr-in mc ml

t hese lan imua c ies c o n f - me deve l ope - I to eva l  na ~~Le d if f e re n t  mi xes of the P5Th
s inmal  atoms and co mpa re their re l a t i ve  per form - m ac ce.

( 1 )  retive Co mn~~~~r Sim u later ( ICS )

- . The ICS or-evides a hit leve l simulat ion of the DAIS oroc ess o r  to
s ij nnort  the tes t in nm and vol idat ion of miss ion sof tw are ., The [CS w i l l
s imula te  the onerat ion of the DAIS process or at the i n s t r u c t ion  leve l ,

su c h that the resul t ing contents of reg isters and memno ry af ter  exec ut ion
is the sa m-m e as the res na l ts  obtained no the actual  o rocessom . The [CS

also s i m u la tes  the input/output ope rations of the processor , the in te r r nan t
svste rin , all addressable registers in the CP U , and al l  the processor ‘ - e m o r y .

SDV S can simulate mul t ip le ICSs communicatin g over the data bus.

(2)  Sta tement Level Simulator (S LS )

The SLS a l low s the ruission sof tware designer to check out his enmia-
t ions and omoqran desig n u-r i thout  beinn concerned wi th the deta i ls  of
in np lc r - re nt a t ion  on the DAIS processor - . The SLS execrates P EC 1O code an - i

w ill run c - any tines fos ter than the [CS , thus a l low irnr fas ter test ing of

the sof tware  desi an .

The SLS runs on the DEC10 com paite r and execrates ~JOV IAL source state-

- ‘ rent s in D[C10 code . The JO\ IIAL compiler provides t i me code to be execute-I

by the SLS , alono w i th  traps to m d i  cate JOVI A l .  statement boundaries . The

SLS n-ma y he thounht of as a code processor s imi la r  to the ICS , b u t  at a
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h i m t r e ’  level . The 1CS e - ’ e e n i t a c  o rm e i n n s  t r — n a r t i o n r  , n r . a t i m - n ’ - , the LI_ S
ex e rnates one ~lflV l 5L enurin’  s ta t e n -m ee t  at a tin- m e . Mmii a i p lc S LSs - a ’ ,’

a- i nn ‘‘O , nn o ar ream t ly in t’ n r - ¶-‘LV’-

( 3 )  ‘ I ,f~~ Br a s Sin ’ n a l e t i ’ o n n

T Ire SDVS f l t~~0 lius S i n - n u la tion is a tool that f u rn ’  t n o ’ n , a l ly S i ’  a l - u  t a - n

tim e DAIS m -r n i l t i  p lexed data bras archi t e ctaa m e : It n--i 11 si m ulate the m o n  t o n i !

respon se chara cter is t ics  of the data bus w i t h  respect to I/O requests la y

ti - me S1)VS code executo rs ( [CS and SLS) ,  and the transn iss ion of data ~~~ 
/

the v ,~r mno us mode led sensors . The bus s i n  ~t ioo s-j i ll model tO r n various

components of the data bus such that the inter face presented to t m nc 155 or
SLS is the sa m e that wou ld he presented to the actual  DAIS la rocessors .

The s imulation was desior -me d to be independent of the DAIS exe cu t i / e
and I/ O control software . This is done by interpret ive ly s i m ulat ing the
[31.111 registers ; the response of the simulat ion to reques ts from ’ n t Ime code

executors is hosed on the state of the sin-mu lated reqiste rs. The b~ s

simu lat ion also provi des the Simulati on Monitor and Control functi on
“event profi les ” which define the time seq uenced events commensura te w i t h

a bai s operati on (e.g . ,  master DCIII com mandinc a a remote BCII J to receive
data ). “ E-ient profi les ” are also constructed to simulate the events
as sociated ru th error conditions that can occur in the real wor ld . Ths

user can sneci fy the occurrence of simulated errors in SCL tes t case prog ra m .

• 
. . ~~~



1 I - m ~J

d P I -  i r - t r ’ i i ’ i ~ 1 1 , 1 1 c C  f l m _ f I l i U n t i J i ,

1 . T r - m - ~~de-i nn ~
r
~~ t n - i -n -

~
1 m e ; - n a ’ u n m - f -  of a - i s  SCCtI i’i is t i n (1- - cnm r i L - e  n- ,;s a 1 a - - - ~~~~~

- in- -,- - ’ l mc m , i-ra t of t l d -  C I iV L  s o f t - i - i re and t, o co m m a - n t  c r - n i - - c  of t m n e  ~~ ‘ I i i  eu ’-e

em ployed. lIne a a s i c  t i - s i  mn phi losophv w as ban-id oo a t o p — I - y a rn  op -a ch
to cc ’ t u n e  d n i 5 i t a ~, ; l e v n l m p ’ ien t , dod t O S t .  T o p - - O n - i a ilnsi yn , t a t n~- p 1 i e J  to

the SDVS 5~~a t ,, , - 1 - :  -- - n i t include s t i re t c l ] - - a i r ; I ~ I -  ~~~~~ - i n c h  -~‘e

d i sc um ,p a d i n  de ta i l  in l ame f o l l o w i n g  s e c t ions :

o n - 1 r ; J 1  lesiti n of the progra m h i - - n ’~~r _ imj ~,o -1 ~- mi - -m - - c s i  J am a ’  n i n o n m m o r n t s

n i f  t I n t s  i J - ’s j orn frcnnn n sof tw an -, m aui r e m - n u t s  to sp a -c m m -  , n t i ; ’aa c , A

b anic m i m c j I n i  cr i  n a n - n a  i-I/I S to ;i- - ve iop  tr na ~ 5 . - C to he - - ‘- t e d
na n - - anot a no r b r-n e sc a le  sys tone ,~a t in n n n l a a i m a i  - - a m i n f i c , t i m , n o s .

o Def im i i t ion of al l control ~nad d a t e  i n t e r f a m  i-s acc or-J i met t i  t a me

h ie a e r c l n y . St  - a r n d a r d  “ I a t ~~r f , a - ~n’ ) ia an d in, ,n~” used to -n in n y

tnis irifc , ”n : nat io r - , to all aru ,iect min n ’tt , -a re .

o T h i , , t n l i c b n ’ eni t of oroy r n i ; : m i ’ i g s tan  t - i r n l ’  d e f i n ia r - l  the to i l s and

‘- ui ’s to be — ie ’ -d for no f t , -a ’n n -e clm ve i- m a - - i-n t. This I ad j- I-’~ use

of s t rum tured pro- n rno na ;niog techn iques ara - ,t a h i gh leve l L~’ n eaaq e
- l a n ch suppon - ts the s t ru c tured p a ’an iJri m - ‘ ml  nq 0fl-~’ a n t ions .

o In tegra t ion  and ~a~- s t i ng  acco rd i ng  to a t n n ’-;’c phase del ivery
s cf n c - ilule in w hi el m each phas e - n un~~i ded erm ln a nced SDVS ca r ao i l  I t i e s .

I a - a l- m al l t e s t i n g  p c i  r - du res  ,-ier -e basn ol on t a n- , t i n y  the f a n c t i  onal
requ i n - n m; - a n n t s  re f l e c ted  in the pro r r a mn n h ie ra rc h y. Test i  oq included
- I -nc ’ ’ - l  m n p i rig tes t~ that fo i l  owed the s ni ’ ,ca ’C s i ye ref i n e n m n o ma t pn—oces S

i nvo lved in the Li ,m :,ic desi gn in addi t ion to s t a n d a l c r n a -  t e n t i n g  of
a- var ious  fuanc t i  ons.

o Confi gur a t ion  contro l procedures for both the deve lo: m -ne nt ami d

t es t ing  of the software . Luring d - v e l u a t ,nnm :na n t , u r n  - ‘ -  t i reS n-o re

used for control l ing data shared anii ommH ni n ia p r a l amm o and u t i l i t y

functions. During testing, s t r i c t  conf ig m a ra tiora contro l of all
f i l es  was enforced ari d d fo rrrm a l problem reporting syst em nm -,~as

employed.
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en , a  seen t a n ; - : t ime overv i  rn -u of the above tec i m n i ques , the T L,J ‘mnorne cmi

tn a t - d c ’n desiqn incorporated a rmum - mbe r o t new technique ’; in soft .uare

t e c n m m o b n - t v  ooi mmcm advocated  in the 11 teratur me today . TR I ’  s appr oach for

th~ ;H’~S -~- t t - ,- ire deve lo n rmnnt - uas to in tegrate these new tec hniques i ito

an uv ara l 1 sys t - -  -c approach to develo u a top-down s t rategy for ti re desi n ra ]

deve l n : - -  -can t , end testi no of ’ t he S DV S .

Time f o l l ow ing  paragr a pi ms describe in more detai l  the top — d a r-
techniques used in the SDVS development. Since many of these techniques

are r e l a t i ve l y  new and l i t t l e  data is a v a i l a b l e  our the advantages and dis-

ad’.’ in t a’ios of their aopl 1 cat ion , an evaluation of the~ r use for S[)VS will he
p r~ ~ noted. 
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- l . l i enum n ’~~hi ,r 1 0 ,  - - - m n

T - r p  1 - - ’ i n t o  of l a n a  SD. S u - nc I- , m ~~ d t a n ] the r i rno ralo h ien -arch y shown in

- : [j m ’ r a m - - - - - 1 . F a c li [i nn .’ s i n -it o , ‘ - n  - i- ~ for  the n ; r o m u p i a n o  of 1.10 services ,
a -In-l ~-.-- - r a [ ’ le S 7 L  p r ’n i n m n - ae -m . ‘ I n n ’  r r n l l i u i i a i q t i ,a , , m m m r , m i a as h miefly

niPs em - a  ban a n a’ h j i - ’ ~, n ci ii a 1 o’ ; - ~n n j ‘ a t  - e m  n 1 - ’ - ;rm . Th is S n - n . t i 00 c. oncl ides wi th
c - a -- P a m o m - n b 4 - i n - ’ c c o n i c e r n i a n a  - ‘ f l a - - - ’ i (  m i n u e t  d’ a r j n r m  j a - m i l a - - “n tat j o r of
tru e pro r e -mm ‘ii e r - a cc ‘ n - -i.

(1) ‘ m m c a a - ,m r P i er  a -

c, ‘ n ’ , C~~an t rob C a ’ - i n  a m -

mis - a r - uu ’ - -m r - m  j a n U - ’ o a c t S  w i t h  the user in ( lete a ’ r min ’m n q L i m e desi m e d  ‘ ‘~nd cn

i t ;  a - ’ r~~ j~~ rn n O t 1  then t , a ’ n; s ’- er s control  to the ap pa - opr i a t e  second level

a s’ at ine . All he~ t pa - nee s sor Ina nn tions ar ia  perfo n - n : - c- d by th is p a -oq ’ -am P ( I/ O
‘j a n 1 1 j e m ~ , cal l  i n m n a  t he  s y s t a - - - ‘ -u r -m p i ler , et c. ) h ,ased on cor i - ;r .- r s i t io n a l

C a m  m ’ m - I c  i ’ m n a t . hy the n ia ~er fr om m i ~he File flrnni er a ti on ‘ode m u  f n O f l  , n n -  a m a ]  1—

l e n a - i  H- n- - m a - n c - , reqr aes ts . It u-i~ ll a l s o  sn i L m - n i t  s imol ~~ti on runs into t i ne l n , a t~ b
c - - C , ‘ a--

- ‘; f t : a - a m ’n.’ “,u ’ u,m n [ r c ent Pr -’n -irani ( I M P )

Th is  s r ’ l c ] - a m  w i l l  ma in ta in , and nro -j id e contro l ic i d access  to.  a l l
;~ S ‘i l - ms. It - - j i l l  o rov ide the c a pa b i l i t ,  to sto re , ret r ieve , interrogate

an-i p r o t n - : t t a n a n u e  f i ~ -n s n - i b a i l - l i e n ;  - m d  ‘ - a a n t a i n i n m - n  ‘ ; le cat clop s u n ntainin g

i a n f c - r - a t ion about t h - -  files. x e - - p i e s  of o w - ’ tm -  in~or’ - , ,t ien a r a n  j s r  f I  1-a

‘ ta ’ nc- , interna l  f a le n r a e , f i  ic t v n a a , na - - n - m n  - r n - v - m r s  ion ema--mtca r in - I revisi on 

urn~ , creat ion da t~ , C , ’ t C J n  i tv 1 ~ n . L , an- i a u t n - ’ r .

Th e f f a nc t i v anl v a n - n  ow l  e t a -  the F i le  ‘Li neqarnnn nt da ta  L a c e , this o n - -i -; n e

u c— r f o rm s t o m e  : ‘ ;J ;mi r o rOc n .-s sif l  tasks , as f 1-a l la - u s :

o F i le R e t r i e v a l  - J f no nev nn r a f i l e  fro a rm the Fi bo Mana gera ment d a t a
base is r a - n - al  r i  n ’~ — n ame if the  S~ VS proqr~ms , the SMP - - i i i i  me
i an-voth cl to n - a t ri -“ye t ee  fil e via the SDVS Pontro l Proqra mrr . It

-.-um l l - inc tIm retr i eval -lata us onl ied to it to interrogate its

.7

~

-

“ml

- w-
~~ m~i~

’,!-~ ~ “~ -~~~
_
~~~‘s’-- ... ~~~~~~ ‘i.

’ .~~ ‘ a ~~~~~~~~ ~~~~~~~~~~~~~~~~ 
-.-. .— ‘~~~~~~~~~~ ‘...- - - .



- - I

-
~~ I

-T I —

I
3

F --

- -:

I 
—

I I

I -

- I [ - .

I ~~ -~~~— -  4,,,
I 0
• (f~)

[
~~~~ - - L  cmmr,

• 

- 
- 

[

- ~~~~~~~~~~~~~~~ 

{

(I,
‘--‘ L c’-i E cn E

- ~ — - ,— ) 1—~ ,_- - - - -
Q) cm-•> ID > 0 > 0a) a) a) S..

— Q. — ~~ . -

38

--

~

-

~

—- -•-‘ - -

~~~~~~

-- •‘-- 

~~
‘- . .

~~~~
—----. .

~~~~
- ‘.‘

~~~~~
‘.. . ?~~~~~~~~~ r - - .  - - -~~~~

_ 
~~~- 

.._ -. .— . -
~~ . • ~~~~~~~~~~~~~

. ,,.
_

- ‘--••
----

_ ---.• --.—~-
.- - . --



‘ 1 - ’  r~~ n ‘ 1 mm - us  -a’n I ini -m ~~- f - -  ma a~~, ,  ii r e n a- a f  th a n r a- - )  ia- s teal

‘ m i en . ‘fu ui S i l m f a n m n n l  O r  a -  -j i l l  I n ’ -  ;m - , -,se d f ’ i t i n e - C m v’ c-,r ,
0 j t u n - a l l  -~~

- , r
~ 

j i  a m c t - ni h - v  l o c a t - - aun t “ - t a  ii- -.- -- ‘In - fn l c -

fr— n a-’ ma - I - - c  y 5 a 0  r,i - me .

o r i le  Pisnosia: . - ‘ m m  — h J h - n n  i ‘ a P i - a  a 1  i n n u s c’ -e n  f - i  --j  m! n 1

proqn ’,ir or a uS’’ n~, i ’  - act In ’- m ul aced in f i n n C r  le ‘I a ’m au e en an t

dat i I i , iSe  an d e r  - rnntr o 1 of f u n SliP . The ;n n ’cum n a - - - aOl ci-
n m e r a t e s  the fi lm ” (e . n . , Sce nar i o Genera tor , S i - - m i l a t ion

Con trol , eta) w il l  issue a a l l a n -mrea tion a-eques l. . Th i s
r P t m a e c t  w i l l  ‘-tic-t o n :  the qual died n a - - a -  under -- i h ich the f i l e
i s  to un - c a nt r o l l e - i , the f i le ty pe , and the nar -- r ’ of the
ti er s—n ‘ r’ c po nsih le fc r the f i le . The reques t w ill he passed
to the n ’~r ‘-there the da t a contai ‘ iC ’ 1 10 fmn i ’ re Omu am s n -il 1 O~
USed to  - -- e n~~r - a m e n u ca t~ l ruq entr y ‘or the t ile. rhrn c e t a 1~~t a - i1
f i l e  -j i l l  t ha n ~e u - j r i t t r n :  to s e c - - n - t a r ’ -, s t o rau re  by the C,[~’’ C, CP .

: o Fi le t rr m~ c - f i n n  - The -t i l l a - I  m a i n e  t a e r~~j ncn i m nf tIre S iP  mi l l  he
t i  - m ov id e  sm a n oa r i t y  loc ims on the files such that a given file

can on ly he accessed by s omeone oosse s s inq the riatchinq secur i t y
key. Each proaramme r wi ll have secn r r i t y  nrca t c- m tion over his
‘iles until his software has heen cormp ietely tested and is
n’I- en ‘Iv to [ie or-re na rt of the o f f i c ia l  s-i s te n- - . Iuia-in - i e r, the
prn ne . t mana-la ;r w ill alw ays hFve access to al l  f i les  in the - la ta
h- ise .

File _ Generato r

This prnoran p rocesses f ile m ani p ulation com’im-iands input by the user .
Se ct ion  1, (2)  d is cusses these conversa t io rma l  con riands .

Ta re File Generator wi l  1 not ac tua l l y  perforra these functions i tse l f
• ---~~ 

p 
(p . o . ,  flt~~f L E , EDIT , ACCESS , etc.), but a-a ttic a- viill pass the use r ’ s requests

to t t ae CPVS Control Program wh ich wi 11 in turn nass ther m to the DEC10
monitor and /or the Sof tware Managemen t Program .

‘1
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Scenario a ’mera to r (- ,çp)

TO is n a - t u n a - n --- is dl v i ded into two pro q ra n- m t rans la tors , a Sir -na il a t inn

C mt rn n l -a n -:m a a-m e (SCL ) a r a an s l  a to r  la id a Data  Pr’nce~~ in n-) I a r m - u - j an e  (DPL)
t - - a : ms la ’nnr . be SC L -I c ~’ iam es the - u s e r ’ s c i :  n i la f ion  ~ en an -~~’th to he

p c a r o L e d ; t a m p DPL de f ines the data nrocess j nq La he perfo rn-ne d on s i  ‘ mili-
tia -- da t a . “ In , ,  5CC is  e x e c u t e d  by a conve rsat ional  c orn’ n,ind to t rans la te
e i t m e r  a SCI~ or  ~P[ f l ip.  The Scenario Generat or w i l l  retr ieve the de-
s i r ed ‘l ie t n-et c- the CM° ca t a lo ns , trans la te  the source code , and cata log
t Ime trans la ted  test case in the I M P  catalogs .

c - i t u la t i on_ Contro l_ —_ Sna pc hot/ Ro l lhack

These p ro- t r a m - s are used to sequence a s imulation scenar io defined
a translated SCL program. The ’  will initialize the necessary simulato rs

( 1 f l 5 SLS , data bus , environment) for execution , load the users mission

so~ tu- aa- - a’ to he tested , pe r f o rm -  rol lb a c k s , and execute a s imulat ion by
inv-n ~ in-n the -vari ous si n” ulato rs .

5i
~!L~ai~. ~

JC S , ‘d~~~ Data Ii us, -~~J
Tm n~ nr ,rm ra im s si- m ulat ~ the LAIS hardware . Each of these programs

sj’’ ul ~ t r- a :m n ’ - n n r i a te  e-/ ’ - n~~s (e.g., execution of an instruction , a bus

t r u m n s - i c s i n n )  a nnie d i rect ion n’ the S i raulat ion Con t rol Program s .

(i’ ) Eyaluatio n of Using Hierarchial Design

iu- , t- - .~ a i design process involved des iqning the proqra mnns at the
mligrneY level in the hierarchy f i r s t .  Based on th is design , the  i n t e r f a c es
t o  f- u - n ext lower level of programs would be defined. These interfaces
ao- ~1d Ia” j~ and to dri ve the desi gn of the next level of programs in tine
n i e r a r c h y. This orocedure would oroceed down to the lowest level. Data
a n- i co n * rul oaths between programs elements on the same l-n ve i trust oass
t nmr o i ~ a I a si gher progra m element wh i ch is comamm amon to both. No lateral

s - i - a n a i - .at ions ar e a l l o -~ed. One irauport ant aspect of too-do - -in de sign is th at
i r n a~rface s are based u’-on the requirements of the hi g her level program and

t n - i t the lowe r level programs are designed to fit these interfaces . 
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‘ I m p  SF0/ S onf -r— ol and ‘-of tvmare ~1 , nmr ,nqaan emit P n o o r a n m s  , tho -u ’ m l n shown at
t - r a ’ tu ne of t h e  h ie ra rchy ,  are ac tua l l y  a c o l l e c t i o n  of - a t i h i t v n -o u t ines

‘ha t  i n c  used by -ill the second level oronrans . The ex cep t io n  is t h e

~Iu u ’C Cci nt a -el P a -n x n n ran - -  function that interacts u ’u j ’Ii the ~ser  n - i l  se lec ts
l a ne ‘ u n fa - of nne rat i on . The h i e r a r c h y  d i e - t ram ’ - , as r i c a - - m m  , reru resents a
+ m ’ C I  iao nal o r - m e n i  za t i on  - ‘nd not the ex ac t c ontro l inter faces between the

-.- ar ious rmmn l mr a ’ - s . To have implea- iented this structure in a s t r i c t l y  top —
- lot - I n r- na ra ner ehere control and data in te r faces  re f l e c t  the hierarchy
d i a m r , a n n  w ould be i m p r a c t i c a l .

B as e u l  on t un i s  h ierarchy diamirari , the contro l ari d data in ter faces
between the SDVS prog ram s f irs t developed durinq the desi qn of the SDVS
CC provided a ( loOd firs t cut. Once the desiqn of the second leve l programs

began these in ter faces had to be modif ied to accommodate newly defined

~u i f l m t i i n n S  Th en in ter faces had to again be modif ied when the third level
pm O u r -a--1 s were heinn desi gned in detail. So , we found that desi ’nn of the
n - o e r i - -  h ierarchy is an in te rac t i ve  process going in a to p-down , bot to m- - -
a ’; ‘;y- :le. A -join-lance of this cyc le  is  practi cal ly impossib le.  Cy snendin~
t :m n ti- - c to ta k e the or i na ’inaI interfaces m’ ;o re com plete and moore genera l,
how e v e r , the necessi ty for changes is reduced and much less mn n od i f i ca t ion

of co - I n  n - m us t  be nec-formed . Only after several top- down , botton a_ up cycles

can a f inal  “ top—d own ” hierarc hy diagram be drawn.

b. Rebost ih i l i ty

‘harp of the basic S’hVS des i gn noals was that SDVS should be s t ructured
to t ,acili tate rehostin q on another system . This was done by isolatin g all

h os t nmon ;esso~ dependent software in the SDVS Control Proqrarm (e.q., I/fl

h a n dh in o , core control , text editor and con ’mniler interfaces , etc.). The

Control Pro r’raa-’ would  therefo re he the only proo rar ’n requi ring assembly
lann uaqe code ; all other nroqrans would he coded entirely in ,.JOVIAL to
facilitate rehostinq .
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T l aj 5 a i r) ~ ~n a- -r ~ ’ i n  -~~f a > f  n - m e n  l - , - ,- ‘fl~ I l u  m m i i ,- , n m u d i t i o m m , j i

- m m ’ a - - g  - ,j  ‘ ‘iO a s -  n- n In 1 y 1 a ’ - a n u n  qe m u - - i a ’  a - n  i 0 ~n n~ 
c i  S ‘ -t I t  - - - i’ vi 1 •- -

l ’ ’ , I f l in  C -- m b  a u n e  t . IAI. i u l - , h -n ~t - - - - I n - . la i n ’  Iu u.m e 1 u r u t n i a l  I - ,
- m - n i a t ,ihly ‘it in  n ’ ’ - a I  t o  t a  - u - - nI ml  I ’  ds- ’: ; l i ~ l- m n n n ~ a , n-nt , i - 1 a i u + - i I

i - - S S  ~‘. na n 10 - -~~ m O p  c n a I i nu t a  I - e n  i n n  ~asse r ; 1ul y l e t i - : - a - u e t c .  The t o l l n - o i r a q
‘a S S  sum-ne o r  h i m- r ior - 

~1s  - f  a a - i i m u - L t n i j

SI  ‘ a  - a n  ‘5

H - a- I l i a d  T~ b 1a -s  n .e - n d - ma - , a ’ 1 l , O r - - u ;~~~ u~~j t  n i l  SF0 pn ’ u q m n m a . In t i c  t 
-e ~ iI - i ’ ~s a n - - i a r ’(- S a f l t  a m- .,1 n i ne  - i - - c -  ‘ n - h i n t , ’ s j r a c e  a m  m ua l t i l t  l o c a t i o n ’s

- - i  t~u i et a wet - - m ~n cen re~ ’ ’ n  a - -i . I n  n u- he ~~t i n g  ‘ mv t . to -~ u i -a- i c u - ’n p ma ta ’a ’ ’ mnv

o ” fn ~~~ icc eton i ld h : a _ a -  tin h n l m , t r n : j n ’ u I . This -o ld i’ - a l  v ’ a- lu-

I - -n h s t r in dn t . fu n’ m ; u rd r od if i e t i uu n  of  -1 , uta  d e c l a m - - a t  i o n n 5  o n l y .  La - -“ ‘ m a i l

n ode ,ihi ch ~ur oi ’ a ’55i ’5 t lnn ’ s ~ tab les  w u m m i l d  rn - d in  a u n n i n an t p u i .

S DV S ~~ - - - a o l P n - n - - i

—H v i o - a s ly n - -a - a nt ion ec l , al l  m ’ n u l n i a m n a  i i ’ h u n - ~m Ia- n t c a - I a n  was n a n c , cu n ’I a c a m tecl

l ’ t t o  tho i n - s l i m e  e t f  t h is  pn ’et’~n a n-r . A n , n n i a r  u r i n a l - n -fl in i ’ i - I n : na t i ng  wi ll he

t~ne in.- - s t i ’ - a t i n ia n of a va i lable f a - u h n i ’ m u--s for ira t c - r oc t i ru q  w i t h  a nc-a- ,’ hos t
rnoui t o r / omn - r o t i  m u m  ‘ -ys t a n ”, there a re m a jor  Contro l Pronram t e n h i m u i q u e s  for
i- - f  ( n r f ac i a i n i  w i  b i n the 1111.11) n - n ia n i to r  wh ich are m a  o l-ably real i ze n- I di f ferent ly
an other n - r - - - c - s ors . These include: a

o u s e  o f I- ’-e udo teletypes
C C - c a l  m a u l  swapping co rn S I dera ti onas
o File di recto ry operations
o Ac m :ount-cod e sn ; l o -m - m ra s
o Tripe f l n a n a a n  t inq  Ut i i i  t ies

o Interf acing with system prOces sors ( e r l i t o n ’ s , con - p l ie rs )

0 I/O schem’res
o Special compiler and text  edi tor  in ter f aces

Sof tw a re tI ,a rm aae r - ien t P rogram (SUP )

The SDVS SMP is inp lem -aen ted with the DEC Data Base rianaqenrent Sys tem

(hu rlS ) so f twa re devel open-i in COBOL. Rehos t i tm q this pro gram requi res an

Info rmation Management System packa ge that would provide for the same
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interfaces as DEC ’s DBM S . Qriestio m~s that mus t he answered include:

o Is it a “s ta n da l o n e ” systen’m or callable fror’i other
Programs (e .m i . ,  SDVS)?

o How s imi lar  are its cata login q facilities to those
o f DBMS?

o How s imi lar are its operators and ca l l i ng  sequences
to those of DBMS?

o Is it COBOL hosted?
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- mi am I ri- i  - t a i l ~a t~ I m n t n’rf ace s

7-a - - a n t  loned above , th~ con tro l inter faces in I 1nJ 5 -ic re com no le te l  /

If i - m e t on the i j a ~~ra r m i v  structur e . A pro -irate cou ld me c a l l e m l  o n l y  :n /  SI

m , - n m r a ’  a~ a higher leve l  and in turn It can only cal l pro g ra m s of t ’ i n  n e x t

lnia- ,ir l eve l .  Progr a m - ms of the s e m i- c  leve l  have no di rect  i n te r face . 1’~
can t  r i l l i a n  - - r a- ; n’O!- of the next ni ig her leve l  must  pass any necess a -i i n f o - —
ca t i on eA ch ani  ic om ,n t -I mi cna; ta-to mm r o j ram c a s of t u e  samr m e leve l  . After fo ll o -t ’in-j

:m mi s eam m a -e acil cou ;iplete ly at t h e  s tar t  of SJVS , the need for  a set  of c ry’mr mon

at  iii t v  r m m u t i  nes ( I/ O , parser , convers ion , e tc . )  a v a i l a b l e  to al l  proj  r a m - -s 
a

soon j e c a m m-mn obv ious . However this was the onl y mim aj or d i vers i  -an fr a n’ tee
m i ie rarch y de fined control structure .

all  J rC lO serv i ces  (Act ion  Processors ) in SDVS are requ e sted v i a  Contro l
Po i n t s .  A Contro l P o i n t  i s  a data area w i t i m  enoug h f ie lds  to desc r i h e  any
a v a i l a b l e  se rv i ce .  For example , one f ie ld  contains a code for the type of
se- - - i  ce , another contains the address of a buffe r are a (used on I/ O requests
onl ), e tc .  .~hen a prog ra m- requests a oa r t i cu la r  serv ice , it f i l l s  only
f a m o s e  f ie lds in the Contro l Point pertain ing to t nat serv ice . The use o~
C m ’ - t ro l Po ia r ts  provides one data area for the pass ing of info rmmnat ion.  In
SC * ca n-m e ,~~a; tro l °oi nit was used for passing info ra -m ati on to the act ion processor
and u- nether for returning resul ts to the ca l l i ng  proyr am ni . Thus all data input

to the A c t i o n  Processor remained intact even af ter the acti  oa rue d b een
s - e m -v i  - J .  T h i s  rues proved very benef ic ia l  in debugging the lo~ i c of programs

res A 1 t~ ng DEC10 servi ces ~nd in decreasing the complexi ty  of data ~ma ni pul at ion

i ’ m t n .- Control Program i tse l f . Insofar as m eaning ful names are assigned to

t ’ ue i- u r lous Control  Point f ie lds , they are very sel f -docummm e nt i  nnj amid mmmake it
v - m n  e a s i  ‘am - a orog rammer to incorpo rate calls on neni A c t i o n  Pro cessors .

Unf r t Ia ia te l y, i n  SDVS , as the num nihe r of Ac t ion  Processors expanded , several
Co nt - r ’ .I Point f ie lds took on duolicate unrelated rmmea nin gs in calls on different

A ction Processors . This ambiguity made the Control Points harder to use and

j a n  ~ r~~n1nimj nd greater poss i hi ii ti of errors .

Each ~hV S Ac t i  on ~rocesso r - i as descri bed on an Interface Di ag rain which

l iS t - -i the Contro l Point fields needed by the Action Processor on input and

desc rioeui the - t r oanl i ngs of each possible coram pletion code or output generated

1T4 
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a-on” the servi ce reqn aes t . th e se di ,imlrams nrovide’ i a c lear  descr i e t ion

~~f the in tea - f - aces  required for a given sea - - . ice reques t and a centra l
def in i t ion point to f a c i l i t a t e  updates and nod i f ica t ions o~ t he s e

i ’ n t e r t ic n- ’ s (see r i g na re  5—2 for an exam p le ) .

In -add i t ion  to Control Point in ter faces most SDVS programs ,
es oec i a l l y in the s i r m u ’ Iation sys tem , need to share several  data i te rs
w i t h  their cont ro l l inn  nroq ram . These data in ter faces were cont ro l led
h-v reqm i i r inn a ll data common to two proqran -ms to reside in a separate
corn-cool. °ne copy of this compool was kept so that changes to the
inter face were ir’imiiealiately ref lected in both pro g raras . Figure 12

shows the cor -nool in ter face between the SCP and EES proorams .
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~w i  ~‘f) 
‘) p , p ~ op r r n t  St a n da r - i s

T h i s  sect ion  lescr ibes the SUV S sof tware develo pment st~ nd~ r’ds for
- leve l on~ a-~ t o’ the SflVh . The s tdn ld rds were predi ca ted on t~~~~so of

s t ructured oroqra im- iinq techniques and a hiuh order lanq uaqe that suonorts
tH E ’S P t~~hn i q ues.

( 1 )  ~tructur~ d P~’ocraminn

St r,o turpri nrnqra —
~ nn is based on the r-iathe~-iat i call y oroven

-~~ ru C t r ar e Theore m ~-Th i ch states that any pr ’~ er proq rar-1 (a nro m’ -~~ v- i  th

~ne “ n t rv and one exit) is equ iva len t  to a nroqran that con ta ins  as

ionic struc tures only:

o se nuences of two or more ope rat ions
o condi t iona l hr-an ch to one of two ope rat ions and

return (IF a TF I[q b [LS[ c )
o renet i t ion of an operat ion w h i l e  a condition is true

(no WH IL E)

Each of the three st ructures i ts&f  represents a proper pronrall . Usinu
co mbinations of th Ese basic structures , any nroqrari can he bui l t .  Fv e n

thouoh any proorari can he bui l t  wi th these basic structures , it is desir -
able to include addi t ional structures w h ich  provide more readable and c c l f

docu ment ino e ronr a- s , mo re e f f ic ien t  pro q ranrninq , and programme r cj nveniences

As a tool to a id in desi uininq the snvs so f t wa re  iS a set  of proqra- - -

minq cons t r ucts , structured fl ov icharts were used . These f l c ~’icba rts are
di ~fprent than conventional fi~~icharts in t h a t  each nroqrami n~ s t ructure

has a unique f low ch a r t  representation . The n~- nra~ -or builds his pronram

by conhinino the bas ic  structures in cons tr uc~ inc -‘ proqrw” . Th I- f i ot- ’charts
s i r’ in l ifv  the arranqenent of pronrari loqic to a process l i ke  that  ised ~n
ennineerinr’ i where ionic c i rcu i ts  are cons t E ’cc t e l  rn- a b a s i c  se t  o~ loqi C

funct ions.

(ni ) 
SflV f ruc ’Pd qra~nni fl ons t ructs

The st ructured proqrar rn~1i no techniques er~o lnv a ’d  inc luded the de f i n  i ion

of s i x  bas i l- , s t ructures ( IF , WHILE , FOR , IF-TH H- [LSE , I F -ANY—i , and CASE)

au d standards definino the ~)73/ I lanquane co nst ruc ts  to he used for each

structure.  Ton addi t ional  structures were add rd to acco mmoda te s i tua t i ons
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, ‘H i n rp t he  S I x  b as ic st ru c tu r e s w o ul d be in r~ t i c i ’ - n t  and wou ld l pa-1  to

software th a t 
~-iou l J co nta in  unnecessary ion ic  and t h e r e f o r e  he ha r r 1~-~ t n

u n d ~~-~ t~~n 1 , ve ri fy , m d  ~a in t a in . These s t r i c t u re s  inc lud e rIO ESCAPE

cons trurt all ow inn an erro r e x i t  from a rout ine wi t hn~it havi nq to  us a

n cr -h er n e~ tra F— TF L~ — f [SE const ructs test,i nn for the erro r r ,ond i t io n S

aI lil ml \ ° -~~S Ifl~J con s t’- - i ( , t  w h ich provi des t he  proo rar- nrier a stri n tly

~nrnt p-ni le t h-H —T O c a p a b i l i t y  to execute  1 ori i cal funct ions vii thout ha -.-i n-

to - i s o  subro utine C r i l iS .

Fiqure 13 i l l us t rates  the f low chart standa rds and JOVIAL 373/ I
S O u r C e code for each control Structure.

(h)  [va lua t ion  of _Structure d Proqramm ina

U s e o~ s t r uc t u re d proqranminq techniques proved to be an extremely
b en e f i c i a l  i n tb° development of the S EW S so f tware .  13y c a r e f u lly def ining

thr- bas ic st ructures to he used in the context  of the 4 )73/ I  lanquoui e ,
stru ctured nro rlradn- :inq f ac i l i t a ted  the on—schedu le  development , debugging,
t ,’ist inn , a n d  delive ry of a hi ohl y reliable system .

Thp use of structured fl~ ’icharts is a natural way to represent pro —
oram logic in a lanquaqe independent notat ion . Ori g i n a l l y  snvs was

developed in JOVIAL 370 prio r to the availability of 373/I . bo ring t h e

37() level on- re nt , the structured flowchart constructs were represen ted by

J 7fl s- ~n ta i  i n s t ea d of 373 as show n in Fi qure 13 . The convers ion fror - 370

to 373 was therefore a “ coo kbook” operation , i .e.,  sub s t i t u t i no  one s°t of
u i nt an t i c .a l state ments for another. It w ou ld  even he poss ib le  to on to
FO RT P.A’4 s ta t r- t ”e nt s  corres ponding to each bas ic  s t rur ture , a it h n u ~ h the

st ruct u res are more su i ted to a J OVIAL l ike lang uage. In ot he r  word s , th~

f low c ha rt ,n a l low the programmer a way of representi no thr ohs t r a c t i o r i s  ot

a p r o i i r ~- - j r~d~~~p~~rj pp t of the iannuane and comnuter to he i - m i  em c - i r t .o l .
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S W I T C H  ~;B E G I N  SWITC H “

CASE dent i ’ B E G I N

(~) s ta tement  1 ;

s ta temen t  N;
GOTO ENDNAME;

E N D S W
“ident 2” BEGIN

statement  1;

s ta tement  N;
GOJO ENDNAME;

[NDSW

“i d en t  N ”  B E G I N
s t a t e m e n t  

~;

s ta temen t  N;
GOTO ENDNAME;

ENDSW
END “SWITCH “

ENDNAME:

ESCAPE

NAM E EXPA ND (NAME )

Fi gure 13 SDVS/ J73  Control  S t ruc tures
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THEN IFE -IIH
[ “ I H L N ’  BEGIN

IF ‘-~~~~~~ m~~~rit I;

E L SE - a t  - nt N;
[ND
E L SE  BEGIN

,to t ( -men f 1;

- t O t ( - r r . O n t  N;
END

[NDI I F IFH

CO f l d i I iO f l  1 11 1111 c o r - i i t i o n  1;
I~[GIN

~tim (-rllCnt 1;

~~ -~d;t ;on 2 -- t a t e m e n t  N;
_ _ _ _ _ _ _ _  

E N D__•

\ CRLF condition 2;
BEGIN

IFANY) 
)—

——--— statement 1;

L condition 3
s t a t e m ent N;

END

ORIF NQNE’Q F’THE’ABQVE;
BEGIN

statement 1;condi tion N

Cr -~~~~~

statement  N;
END

ENDIFEIT H

Note; In this examp le, the f i nal ORIF condition used the define “ NONE’OF’THE ’
ABOVE ” . Th k k to be used onl y if the final blo cks of code s meant to
process any s ituat ion not handled above . If noth ing is to be done , if all
cond it ions fail , the ORIF NONE’OF ’THE’ABOVE block should be omitted .

Fi gure 13 sDVS/3 73 Control S t r u c t u r e s  ( C o n t i n u e d )
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IF  condition;
B E G I N

statement I ;
IF Cr

c o r l ( E i t io n

s ;at er n e nt  N;

WHILE condition;
BEGIN

\ statement 1;
V~’HILE Cr

condition

statement N;
END

FOR i : 3 
BY k WHILE I LQ m;

BEGIN
statement 1 ;

FOR
i , 3 , k , m 

/

statement N;
END

where :
I is a variable name.
3, k , m are ar ith metic ex p ressions

Fi gure 13 S D V S/ J 7 3  Control S t ruc tu re s  (Concluded )
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-‘\ddi t ional adv a nta q es of usine s t ructured pronrar- ininn include :

o Th~ iso of s tructure d f l ow charts was jud ged to he the most

u s e f u l tool, w i th respect to s t ructured prog ram mmi i  nq conce pts
4 or des ig ning so f twar e . Al l  of the programme rs agreed that it
provided the means to c lear l y renresent the st ructure of their
pronrams on paper . -Ths tract ideas cool d bEi eas i l y  w n i tten -lo ’ -m n
using these fl owch a rt ing technique . It a l s o  proved very easy

for one procm ranner to study another ’ s f l owchar ts  and read i ly

understand then . A i l  of the proaramrne rs anreed that they prefer

this technique to those of the past , and wou ld continue to use

it on future projects.

o Readable source code that can eas jj~ be cross—re ferenced w ith

flowcharts. The code itself was very self documentin g .

o Facilitates debunqinc i in that pronrar m structure is none apparent

and that there is only one entry and ex i t  point.

o As a by-product , it s omewhat standardized proqrarninq sty l e

across the nro j ect.  T h i s  ma de it easy for project members
to w ork on programs other than their own and facilitated open

communication among programmers about the (les i on and debugqinq

of one ’ - code. This open communicati on con cept is sometimes
referred to as “Ego less Programmin g ” in the l i terature.

o The use of the structure d f l owchar ts  seemed to auto mat ica l ly  en-
force softwa re modulari ty. The process of breaking a prob l em

into success ive l y  simpler parts and piecing thes e parts together
natural ly fell out of using these f lowchart inq techniques.

By and large , SDVS benefitted f rom the use of structured proararirninq.

Howeve r, structured nroaranrning is not a cure-all for poo r programming

techniques - in f a c t, structured programs nay lead to worse proara ms than

non-structur ed ones because it is more difficult to do things which

probably shoul dn ’t  he done l
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( ?  ) 
~~~~~r- : ~- 1odu 1ari ty

The anal of proc ram i muodul an ty is to separate comrj lex operat ion s
i n to  s e ve ra l  .-iell r ie l ined f u n c t i o n s  each of wh ich in i t se l f  can be dec lared
to be obvi ous ly  c o r r e c t ’  by ins pect ion.  To a large degree this goal cas
a .  : r i ev ed in SHVH . ~todu 1a ni tv requi res a more d isc i  o l ined desig n aoo ro ac b
i i t ra t  more procedure c a l l s  are requi red and each procedure r u s t  incl uij e

sever al ovarnead statements defining local data i tems , etc. This tediousness

uod n~v an natur e are the —g reatest  obstac les to overco me in producing m odular
:nde and the reason that no large system is ever modulari zed as completely
as i t  could be.

‘-~odul an zati on does introduce some overhead to a system , ~~it t his
v~~r m e ~~d is great ly  red uced if data can be accessed  by the procedures .4i t:-~out

having to pass paramete rs . This is achieved in SDVS by nest ing of procedures
and ny def in ing data in co mnpools g lobal to al l  procedures w i th in  a g iv e n
o rag ra . The second drawback of modulari ty is in erro r checki ng. If an
error can occur several  procedure ca l l s  deeo, each ca l l i ng  procedure must have

a check and separate branch for the occurrence of that error. This s i tuat ion
ins of ten  avoide d in SDVS by using the Expansion Block and Escaoe constructs .

T n is  prov ided the funct ional  seoarat ion of modular i ty w h i le  a l lowing erro rs
to escape to a much hig her log ical  leve l .

The true va lue of modulari ty is the ease of i so la t ing  and correct ing
l og i c  erro rs . The short ti~-re in which SDVS was ac tua l l y  debugged evidences
this wenef It. Furthermo re , the task of enhancing or modifying code was
t u c o d  to uc much eas ier  in the moore modular ized areas of SDVS.

p
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~
) ~~ -~~~ d Hi - T i m  Level Lan~~~~~

m oo t  t r ~ use of fte i ) ~ IAL lanq 1age , the i rip l~~r m ~~ri t .a t i o n  of SOV ~
- * -~a re -.-oul d undoubtedl y n rye ta~ e rr many e.i t on norm ths  . Th e n o- in r of

us m g a m i ~~
n J~ m ?l lannuoc e to deve loo a sy s te m s u ch as S bV ~ is even more

e u t o r t  i--en no co nsider s tha t the SbV ~ develo pment -j as burdened i i i  th

:°m -n r sinrl f rorF a J70 d ia lec t  to the J73 d ia lect  had to use a ne i l - i
develo p- n O , ~i rst ti re used compiler , and st i ll the S3VS deve lo p- mo nt  tear - i

• - J t  t a t  th e use of O OV I AL was essent ia l  to meeting the de l i ve no  date.

ne reason JiJII L aas so hel pful .ias the ease w i t h  which it can be
learned. To master the DEC MACRO a sse mbly language w ould  probably have
taken ouch lon-j er than mastering - JOV IAL . Just the reduction in lines of

code :mn t ~een a Jh~~I A L  and a MACRO implementat ion of SDVS saved countless
sou rs of codin g and debugging time .

The -~ 9V AL contro l structures (~1H ILE , IF—E LSE IF , etc . ) lent themselves
ve r ’-~ ~-ie1l to im p lementat ion of our structured f lowcharts . Dy expanding these
strjcutur s iith DEF IlJ E’ s, TR W was able to develop code templa tes  cor respond i ng
to each o~ the log ical  constructs a l lowed by the structured programming

s t an - la~ dc . Th is - - ad o  coding from f lowcharts extremely stra ight fo rward.

The data  s t r u c t u r e s  a l lowed by JOVIAL were a lso benef ic ia l  to SDVS
development. cosmnoo ls -were used to contro l program interfaces. Processing

of cumbersome data was eased by multi pl e word items (e.g. ,  lonq character
s t r i rm - ; s ) and m u l t i p l e  i te m table ent r ies .  Speci f ied tables al lowed e f f i c ien t
)0C of partial word ite m -i s such as links , easy im plementation of variable

l~* rm j th tab le entr ies , and overlay ing of data i tems . These capabilities were

used to define and mani p ulate comp lex l inked l is ts  and to develop templates
f o r  e~ to r r ia l1 y  defined data descr ip t ions ( i .e .  Link Item Types , UUO data
b i~m.r ~~, etc. ). ~roc es s inq  of data input to buffe rs was great ly facilitated

• 3 / -d~ m g  these ter - iui ates based. Sped f ied tables and the BIT and BYTE
functi ons al lowed JOVIAL code to perform tasks often done in assembly code .
In t j ~~t JhVI AL was so powerful that onl y j Q m. instead of 90 -  of the S DVS

‘ ontr ol Pro g ram mad to be wr i t ten in MACRO code .

Undeniab ly  the use of JOVIAL did introduce inef f ic ienc ies and make the
UUVS syst e- -  s lower. However TRW feels that by careful timing analys is  these
bottleneck s ca n be found and correcte d (by recoding key routines in MACRO , i f
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nece ssary ) .  t-lo reover thes e bott lenecks could not have been i dentifi ed Oa ring

the design phase and ‘many hours would have been w asted deve lopi my e f f i c ien t
and roost l ikely tr icky IACRO code in routines -ihere o pti nmi zati  on ‘as not
real ly needed. 

-

The unique JOVI A L J73 capab i l i t ies  most useful in SDVS implement ation
were : the DEF INE stri ngs , s pec i f ied  and unspeci f ied TABLES , B I T  and BYTE

i- ma nipu lat ions , and COMPOO Ls.
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Pru i r r i r- i r - i no ¶~ ta nm la rds

In addi t i e r m to us inn s t ructured programming tech nigues , t he r e  were

nth~~r ver” i ’ - ’ no r t a m m t . standards that f a c i l i t a t e d  the develo pment o rocess.

The fn l low in n  paragra phs h igh l igh t some of these.

li sp of :)lIFIiE Str inos

onbaps the most va luab le  standard was the use of the DEFI NL capab i l i t y

~~ , loJ J)\ j wh ich  a l low s  the programme r the capabi l i ty  to subst i tu te  one

c harac ter  s t r ina for another. The DEFINE feato re is very siriilar to the

~1i~C Rf) feature 1ound in many assemblers , i.e. , it a l lows the programme r

to def ine new langua ge constructs for his appi ~cat ion .

The [)EFI!1E capab i l i t y  was used to greatly s impl i fy  the con version of
SDV S fr or -m J O V I A L  J7fl to 373/ I . Table 1 out l ines a l i s t  of SDV S D EF I I E S

w hich  were contained in a f i le used by al l  SDVS programs . Note , that the

def inerl names are much more natural , se l f  documentin g descr ip t ions than

either the 370 or 373/ I  syntax . In convert inq from 370 to 373/ I  this
O[F I’~F f i le  was modi fi ed to refl edt the change in 1 - inn uaqe syntax . N ote s
a lso , that if SDVS is rehosted on a machine w i th  a 32 hit word s i ze , onl y

the fl[FI’IES snecif yin q wnrd size must he chan oed instead of ever y item
declaration ar~neanin n in the source code.

The PE FJ! J E feature vias also used to create the ESCAPE and EXPAN D

st ructured programming constructs shown in Figure 13 . Note , fran’

T a b l e  1 that the use of a DEFINE provides a contro l led use of the ( 0T0
statement for the EXPAND macro.

Interp rogran r) ata

A fundamental S DVS nroqrarmninq standard was that there was to be
only one COtI POOL between any two pr og rams for the nurposes of sharing data .

The hiera rchy shown in Figure 10 was the basis for defininq the sharing
of inter- p roo ran data . Organizinn shared data this way oroved beneficial
during test in n in that there were onl very m inor nrohlens found w ith

resnert to SPV S shared data interfaces . Usuall y , testin g uncovers a

nlethora of data interface problems .

SR
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J70 DIF FERE NCE

DLI INE El OAT “F” ; Same

“I 36 S’DEFINE I N t E G E R  “S 35

DL F I Nt E U!  I WORD “U 36” “I 36 S’

D L F  I N E  I N D E X  “U 18” ; “1 18 U”

DI F I N E  A [ ) DR FSS “U 18” ; “I 18 U”

Ut F I N E FLAG “U 18” “I 18 U”

D E FINE CHAR7 “C” ; Same

DEFINE OCTAL(A) “38 :A”~ “A ’ ”
,,

DEFINE PRESET

DEFINE ENDSW “END ” ; Same

Not usedD E F I N E  E N D I F E I T H
DEFINE IF EI TH “ IF’~ 

Not used

DEFINE ORIF “ELSE IF” ; Not  used

DEFINE N O N E  ‘OF ‘T H E  ‘ABOVE “1” ; Not used
Not usedDEFINE EQ —

DEFINE NQ “ <> “
; 

Not used
Not usedDEFINE LS

DEFINE LQ “< “; Not used

DEFINE GR “ > “
; 

Not used

D E F I N E  GQ “>= “ ; Not used
U . Not usedD E F I N E  CALL

D E F I N E  ES CAPE “ RETURN” ; Not  used

~r F ~~~]~~~—~~
‘ 

~ X F -  ) - ( F ” ~~P I . N S 1 O N  ~ PFA F~~ ) •
~ “ “ 1 F - ~~(iK E AN !~XP A N S 1 O N ” ”

“ “ 5 0  j H A T  EXFm 4 )~U ‘ I L L  BE J~ S J N ( L E  S T A T F  F I ~ i
(:01 ) i i ~ ; S $ 1 l ~ :
VS) “ “ F S I )  TH E ST f l F M F ,~’I ” ”

“ F I’- I ’  TI~E OF F I ‘d- S~I ~ 1NG ~~~~~~~~>“ “  ft

S EE I F-~
-
~.1 ‘~ 

‘ X k P r , * S J UN ( F “ X ~’A F ’ S 1Of ’ ~ N A V E ” )  “ “ EX P A N S I O N  D E F ’ J N I T J O N ”
P F  f u F ~~ ; “ “ S O  A F E 1 I J P N  15 NUl N E F f ~~ O F(iLLO~ J NG NA1I~ PROC ” ”
~~~~~ IF :

““ F U 1~ r F. t i F F  1 S F  S1~~1NG — — — > “ “  “ :

r ) r F l r F  e r f l ’ F x~ — A I - 1 [ N ( F ” X p A , v S j ( ) j ~ N~~~~f ” )  “ “ “ Et~D EXPANSI ON D~ FI N 1 I 1 o N ” ”
s$s I F : ‘~“UF .F A I-AF4 F L TLj P k F V F ’ N T  FRpoI .~~ n w
(~~~J~l i ) S S I F ;  “ “ Hi~ 1LI f~N 10 E X F A r . S I O ~ I N V O K A T 1 O N ” ”
F

“ “ F  r.f 1 H F  I)~~P 11s F ST P I~ C. > “ “  “

T a b l e  18 Example of SDVS DEFINE Strings

59

Cr - 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
:-

~
- — -— 

~~~
. —.---- -Cr w — -—,--— - --- - --- -—- ——-.

~~~
—--.

- 
- - -  - 

~~~~~~~~~~~~~~~~ 
-----------

~~
-•—— -



Cod inc St andards

-‘\s is c m  --- ‘s ar ong ill r m’mr , m rm inn p r o j e c t s , d n u m b e r  ‘m ~ s t r i - d r m rds

me ’ ’ - : ~~~ 
T o e , !  d e a l i m n  ml ~h ~he tp llot- , i~m q top ics:

o b~~ ina c on - m o t i o n s

o 0ata Sr ri ’ i ~~i ca + io nS

o fl~ lii r ’  seq m e - n  ‘ e s
o Prn ’~r~ ’ m o f l o t a t i or

Ei u u~
- -~ 3 is an exam~ ie of a SDV S module wh ich  i l lus t ra tes  the

m e  ot s tru m : t o ’ed pr ogra m ‘ m - m i  s q  and good pro nra r-m annotat ion.  Th is procedure

is na’ -t of the Si m u la t ion  ~nmi t ro l Lannuaqe t r ans la to r  and is used to

iPrl O ’- r t n  cormriands for eval  m ta t i  on of arm th’- ’eti c express ions dun nc a SDVS

sim m i i - ~tion . This routine is called after the arith m etic expression has

br’err parsed and the appropriate elements stored in operator and operand

s . it “pops ” the stacks and hase rl on time operator generates The

r rmo p s s a ’ v com mands . The followin g points should be made concernin -i this

o The inden tat ion of the prog ram structures ( IF - T i lEb - ELSE and
rr.~f )  facilitate the read abilit y of the code . The code

i t se l f  is e f f e c t i v e l y  se l f  docum entin g .

o The use of meaningful var ia b le names and comments def ining
t h e ’ - - .

o The procedu re is short ( less than one page ) and ther efore it

is easy to nrasp i ts overal l function .

o Exoa ns ion bl och structures are used for each of the oo ’ ra to r
types (assionment , unary , binar y ). If erro r conditions are

found in an ex pansion block , an ESCAPE s t ructure can be used

t o tp~ m inat e process ion of this routine instead of redm indant

code to check for errors if subroutines w e re used.

o A l l  seq uence structures are del irimited by B EG I P—! 11P blocks
wh i c h  de~ioe the function perfo rmed.

I 1)
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-4 3 73 370 DI El F RENCE

DLI INE F l ( m A T  “ F” ; Same

f l t FI N I  IN I IGER “S 35” ; “I 36 5”

REF I N !  I t~I I ‘ i-U ) “U 36” ; “I 36 S ’

DLI IN! INUE X ‘‘U 18’’ ; “I 18 U’’

DLI INE A I m O R I SS “U 18” ; “I 18 U”

DI F IN!  FLAG ‘‘U 18” ; “I 18 U”

[ it F I NE (TII A R7 “C ’ ; Same

DEl IRE OC 1-~l (A) ‘ 3 B A ’ ; ‘ A ’ ”

D E F I N E  PRI SET ‘‘ ‘‘ ; ‘ ‘ p ’

DLI INE .TmU W ‘‘END” ; Same

DLF INE I ~ m lEF I T H  “ “
; 

Not used

D L F I N L I E E I T H “ IF ” ; Not  used

DLFI r L ORIF ‘ E L S E  IF” ; Not used

I IRE N (mNL ‘OF ‘t H E  ‘J T-:UVE “1” ; Not used

D E F I N E  E Q ‘I - ” ; Not used

DLI IRE NQ “ <> “
; 

Not used

DE l - I’ ll LS “ < “ ; Not used

DEFINE LQ “<= “; Not used

DEFINE  DR “ > “
; 

Not used

l i E  I N E  GQ “>= ‘• ; Not used

lii i 1 f f  CALL “ “
; 

Not used

DEFINE ESC APE “R E T U R N ” ; N o t  used

F X s .  m,~ , ) - ~~- “~~s . - A1s : - 1 ( N  ~~~F F ”)  “ “ “ J t - ’, ( m ~~E A N ~xP Ar i S 1ON ””
S F C . L~ “ “ S o  1114 1  E X ~~4O~I ’ ~. I L L  B E ~ S I N G L E  S T A i F ~f lEl -~T ” ”
(:01 ) Ir
V 151m “ “ F  S I )  I e F 51 A ‘i s .  ~ ‘I “ “

“ 1 0 5 1’ 5. i F  F 1’ . F S I  $• 1 NC: — —— ) “ 5 ’  “

SEF I’ E i-~.- ; i  ‘~~ ‘~~ ~ l- 1-S~~J L’S (F “ X F ’ A N S I O N  N A V E ’ )  “ “ “ E X P A ~~~1UN DEE IN IT I (JN ”
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T a b l e  18 Example of SDVS DEFIN E S~rings
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T e s t i n g

Deta i l~ d t r ’ ’- t inq of soft m -ma re is n ij , i a l  to t h e deliver— ’ o~ a

sv s  t r ~- . Y e t  , tes t i no is general lv the f l  P-S t a r’’a to be ‘ ‘
C

- ban I:

ciea- l l i ’ m ” s a pp roa m - h too rapidly . To insure a g a ins t  th is , T~ ~l nne’1 ‘ ‘m r

t m  le- iel s n~ test  o lannino w i th  strono con t iq u ra t i on  con t rol ( m m - ,r C( J

a~~~~
- - p 0 o r n let ion of the f irs t test ing phase.

( 1 )  T ’ -s t  Pl- ) nn i n ’ m

T e s t i n ’ m  w as perf o rmed on SDVS s o f tw a r e  i n  three phases :

o se parate oronrans were tes ted ind iv idua l ly  and then in t e r f a c e d

with their cootrc l l inrj  and sm iho n id inate programs

o after a reasonable workinn system was obtained froi interfac e

tes t inc i , Pr e l i m inary  Q ual i f ica t ion Tes ts (P QT) were d”-i s-loned
to tes t funct iona l  requirements

o a la m e a l l — i n c l u s i v e  Forma l Qual i f i c a ti on Test ( FQT) was thum o
run  to demons t r a t e  SDVS ’ s abi l i ty to run in a rea l is t ic
envi ronment.

These three levels provided a comprehensive and disciplined testino

approach .

Indivi dual Program T e s t i n n

As a program nea red completi on , each programme r would tes t his own

nr o qr a n . Because of the clearly define d program interfaces in SEW S , i t

m-/a s of t en easy for the indiv idual  procramner to provide dummy input to

h is nrorlram. This was done either manually or in the case of comnlex
structures , via se paratel y developed tes t programs . This a l lowed test ion
of lower level programs prior to conpletion of their controllin g nronran .

In a d d i t i o n , when two nroqrams were heino interfaced and the lower level
program had already undergone extensive testing wi th dummy inputs it
became much easier to p inpoint neneration of imprope r data by the
controll ing progran. This ea rly botto m up testing often exercised many
of the error handi inn routines w hile correcting cross logical errors .
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PflT Tec ti nq

( lor e the nronrarmners w ere s , m t i s f i e d  that a s u f t i  c ient ly  s tab le
sy stem had been put tonether . a ser ies  of PQT tes ts were developed . In
S MV N th is t im rned out to ic’ a two step process. SEW S reall y contains two
sys f e - s  , the In terac t ive  Sys te m ’ and the Si m ’m ’ sl ation Sys tern . The hiqh level
Int e rm ’ five Sys tem- i in which the user created f i les , translated test  cases
etc ., had to he work in g  before the lower level s i m ulat ions could he tes ted .
Thus , PflT was a top—down process in ih i cli the Interact ive Sys ten was tes ted
lon g befo re the Simul ati on System .

The orocess of developing the POT tests was a lso  too-down in nature.
The f i rs t step was to d i v i de SDVS into 8 se parate conf i g ura t ions  (se~i
f ic c ure  15 ) .  Then a detai led l is t  of functional requirements was drawn uo
for each nreqram in each conf igurat ion . For a qi ven conf i - :urat ion these
lists were combined into a sin gle list descri hinc all functions to be

tested for that conf io urat ion (see f igure 16 ) .  Finally, a se t of PQT
tes ts inco m rroratin c each of these test ob jec t ives  was developed (see f igure
17 ). As each PQT test was success full y completed the corresponding test
o bjec t ive  m-:a s checked off the l is t .  This process a l lowed for detai led
test ing with a ninimun amount of overla p , yet the tes t results for each

test were clearly defined and eas i ly  documented.

FQT Test ing

After POT test ing had shown that each functional requi rement was
work in g  properly, the F1)T test was used to show SDVS ab i l i ty  to operate
in a r ea l i s t i c  envi ronment. General ly the FQT test was a lanqe conmDre-
be nsi ve oroq ram developed at leas t in part by T \ FAL. T h u s , it exerc ised
SOIl S in si tuat ions not necessar i l y  covered by the sr-ia l ler , sno re s oec ia l i zed
POT tes ts . Furthermo re , the fact  that the FflT tests were developed by

‘ non-TR’ I .‘ersonnel introduced new programmin g sty les in the miss ion sof tware

or new ,m- nr oaches to entering and com p iling f i les which uncovered s ome
errors in both the Interact ive and the Simulat ion System .
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n t m V S  PHASE III (001 I IdmOAl JO N 1 I S I  JUG

I i :  -0 00 . ( m n I m a m m - - J , l I P  [)I ‘a WI I’ll ON P iy e  I

4 S I  ;- ‘
~~ 

I r,I m o m  si S s :~ l/d m mtl

~~- ~~~ 
. I  - i )  s i l l ) .

- 
- ,- p , -~c i , - :o , SUP , SI 5 , H S

i x H- o- ~o - m o .:J-ni pm 01 1) (nY )  ‘~J 55 (0 OtiS Ii

‘ - i i i  ‘- i ’ f I e Iii S ~/ - J  t o  4/ ?

- I -  I~~-~-~Y I’  ‘~~l I ~0S 0 RI I I S i l t ) .

1 . - - . uP - S iS  q -  - - 1 - I ir t e n  of - r o r - t . I d p ( id l i ng .

? . SUP 1n-~ ‘~~ -JOB ‘ - ‘ - i t  i - r i  for f t  a] - i  i n s / t r a p S .

3. ‘- ( P  in-! ‘ mo n ufl i t , ,i ,, j l,i t Ion t i - 5  ‘ u t .

~~. v ~~~~~ 
—
~~~~~~ - a e- ‘ -m \ - r i , ! l -  - - i  t - - ~i m n

5 . 0’ j~~ - i t - - !  m ‘~ ri i t  O W  i- - l i1v ~ (ii s ) .

f , • 0 - i - - - - -i s - , - ~ ,(~~i ng , ‘ - - i ’ - i t i o n  of  l W  - ‘ d o l e s  (I IS  er ror)

1. I S O  m 1  , -  u t _ p u t .

8. i m- ,- r  - ‘ - I  , - r u  able SDV S van aOl ’ S  ( ‘ --t~P , Hoc ) iii (,YidiU Ofl S .

9. ‘i 1 ’ - -  (1 ~-e V an ,,hle Trace (on ly from S IM F A to St I l l  B)

0 . f . u l - utrriq , ~r i ’ 1i lor is -_ when a v ,iri,,ble pi ts r I -  gu’ d , v e r i fy  all of its
I ‘uS ‘ m t  C _ hr’ ~ — d .

i i .  ‘,‘a ~~
, i- • r r 4 e / C u r d it ion - v i i  ia t io n (ifl a l l  e l i ;  - r i  PS of an array.

I? . 1’ . a r - - - u l t  ,,f , - v i l - i l i r p  d i r a l r t I r ) f l , I I Ir IIJ C , , r u , , t ( e r  u r i l t o r e d  va r i ab le  and

i fy S i t  i t  a l so  is - I ,  t i - d .

a v ,t r i - , ! i le  I, orri i t s  io~ a m ion to a RO E h1 ’~~k .

14 . Or ~ t v~ l u,” of vi r I ~‘ble f ro m SCI (al l d~t,i types rnu l t i  pi e words ) (s etv a l  ue
drid j n i t j , ]  ,e )

15 . tli . I t ip le a ,  I l l  -ri v~~r iabl C’S ( I-loll) I Si r , 1 ’ d  in ()f lC SI S s t i t r—r ia ’ n t .

16. SI S tr , i c i- ( ’ , tat ,- ircnt t r ne  w i t h  ari d w i t h o u t  ex eC C i i i ) .

17. S t S  Trace (f rans fer tr ,C (  e) .

Figure 16
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‘- l i ~’S PHASE Ill l ( m PFI1 ~URA TI O N l I S T I N G

0 0  0 0. ( 1 0 1  I W m m t - ~A t I ( ) ’ i  O I S I R I I ’ I I O N  Page 2

4 0 IAS DAI m i s t  SI S Si I-t i ll A l l  ON

~i uru - ‘ - . II ‘ - I l l ) .

F X l i  ~-~,Al ‘ OS p- WI RI pa l RI 1) ( oy ) ii SI S t i l t  h u l L

i’ .s i - n  So ’ I I i s 3/ 29  to  4/ 2

l u - . - 

~-~~Y i ; ’’ 
- I i  m O O  If) RI  i t  ‘- I t  0,

18 . t,~ , <-~~~~ 
l 5- I  AC - t ,j ’ ’c t  f i l e  from PAl I I  AC IO N . Ver i fy  f i le pets loaded cor red ly.

19 . Iii t i~~- rte i - O F r i d $ 1 5  h is  ks from 2 p - r f o r rs , d e al loc a te one , ‘~ee th at  COi r ,-ct

nr is - I ~1liic ~ t~’’I. (On e - - .- i -n , ,,ne Hd).

20 . MI I t race u suI j~,i I cur ri - c t iy

TI. I--- - t  0-A l l , ml V s , - t  ~~~~~~~ tly a t  ! k C 1 I V A I I  no d I J u r i r q  s irrru ii tion .

2? . One s 0 p ie ‘- o l1 l ’ - i~ k w i t h  r , ’ - ,~ m - - - ,t - - C , ve r i f y  ~r i i i’ - - .hOt t I n u ~ sc- l i - i  t e d .

23. ‘.0- r i  fy t hat ROl’ is C opied ‘‘z r -i t ] y  thru no ) J hiac k point.

24 . r - - ’n ‘.‘ ,, i - , t ilr ;s (M W )

25 . 0’ ’ r i fy - S - ’ C ’ I ( U  l ’ s I 0.i ’~ as r - - pi i-’~ I ed .

26. 0 - - i  i fy - ‘ I - - i t ion of stand a lone u - i t s  wi th  I F S . Periodic execution I F S  t RACE
1 ,, I a .  F l y P - s i  on p ro f i le . (in t.e rf ’ ace throu gh SCL s tat c -rr i ents )

21. ~~
- ‘ I n -  ,j ROT 1,1- k in (tou t - - i -  I. with old arid new var ia ble .

?R . ‘.~ , f y at  i i - r ’ , t  ‘z r ’ ‘p -c ia i jump ins t ruc t i on is inc lud ed in MSW .

79 . I --p 1 1100 t -  i i n q  (h- i l ls ,,r,d ,-~n’c , , r l l s )

- -.‘ 30 . ~l ’ ,  k i - -~ -- I- i - _ s  4 ’  u t  ion

31. Oi-  ,- i -  ra l I RI ICS in 145W , ti’s t i i I i i  ng arid rz ’tr j rns , Trans fo r tr ,ii e.

I? . uPS I ~ t - , t ’ -  - - r u , r , r I In g I_ he sir ;;ijla t ion .

33. V ’ - r  fy It - - . ‘ - n  r r ,ice C,i1iribj 1 ty ( * ,* )  -a c h “ pp 1 h able type s I M~, VAR , IRAN ,
NONE

34. R i ’ ’  k ur ’ti ~ s pec i lied a c r o s s  proc boundary us i fly qua] i fie rs

35. Tes t ¶~r mfa u l t  HRC no. in Tr ace and B lock ,

F l  jUn -- nm 16 ( co ruL i r ued)
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- i n S  i nOS U I i i  ( 1 . 1 1  1 i - ~~~- e C  C - - I

I I  5f ) 1uRA 11 Ot~ NO. 
- 

( 0111 i I~URAT 1( 115 DI SIR It ’ l l  ON 
— 

Page 3

4 0 1/itiHA l HoP 015 SiM il l  A l  ION

—
~[ os  I Wi 1-: Ot-tO 1 1 0 1 1 0 .

‘-, I mVS CP . ‘- V P , tIt CI , -18 , SI 5 , h I S

I x i i  t - : iAl ~0I l m- !ARE RI QIll RI IJ ( isv) 5 1 0 1  ‘- I 15 - I  I)IJI Fl

I- l i ’s ion ‘ - u , f t n , ,  e f i  l r’s .3/29 t o  4/ 2

J’~ Ii~O WY I L I I L I I L O S  If ) RE 1 1 0 1 1 0 .

36. r Is e 1 it.rls , s t i t u j u - ri t ro u t i -Os arid o f - i - I s  fur l r , C e  or Blo c k .

37. S i t  T r  - i i  e or B lo c .k in m i d  s iu ; u r i la t ion .

38 . Vi - r i f y  - ,  I or hu z r u I i n q  for trace or blo ck

A . no f ina l  /

8 . S1
~ 

>Sf 2
C. i l l i -pa l t S a r _ s i ’  I - n
D m i c r o - x i s  1 , - m i t  115 - S C , PROC , 1 / ,1111 , S U’Il N O .
F. Set S il ) CO D to ‘H - ’OtN’ or ‘I A IA L ’

~9. l ink  to , I/3 r , i r , t i i ~~m ro utines , A IA1  n ; . - , th , u n i t i n e s , I-lOW pi o u s , 115W ( 00 ,103 5 , M W
RI P ’s nr ,d III F’s.

40 . Vi i i  fy I u’ ,rd I-l ip L O - r i t i t i n .

41 . Error tes t in loader . un -h - f i n ed  ar id inul Li p ie external s .

- 

F r ‘ l u re 16 (con t i niued )
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CONFIGURATION 4 STANDALONE SLS & SCP

F iL ES TEST OBJECTIVES

I. TC-P QT —CON—4—1 4A5 ,4A6 ,4—4 ,1O ,12 ,13 ,15 ,17 ,18,19
-

- TE STA D-PROCE DURE/ 1 /O

2 . TC-P Q T—CO N —4 —2 4A7 ,4—8

- AR ITH ML TIC —TEST “CONDIT IUIO 1[ST”

3. TC~ PQT~COri~4~ 3 4—9 ,28,31 ,32,34,39

TESTAD- PROCEDURE/2/O
- 

L INK—CO M
LINK-PROCEDURE

4. 1C-P f) T—CO N-4—4 - 4-21 ,35 ,36 ,37 ,38,41

TESTAD-PROCEDURE “STDCOD TESTS ”

5, TC—P QT—CON-4-5 4—30

TESTAD-PROCEDURE “BLOCK MODE”

6. TC— PQT-CON-4-6 4-11

SPARSE -DATA

7. TC-PQT-CON-4-1i 4-14

ARITHMETIC-TEST “ARITHMETIC TEST”

8 . TC-P QT - CON—4—7
TC - PQT -CON-4—8
TC -PQT -CON-4-9
TC — PQT - CON —4— 10

EES —LFS—TEST

9. SDVS —TEST -F ILE—D I R- 5/ 2/ 1 4—5 ,7 ,16,20
SDVS—TEST—F I L [ -DIR— 5/3/ 1 4-6

10. TEST -ROLLBACK—DIR —S/ i/ LAST 4-22 ,23

ii. SDVS—TEST — F I L E-DIR—6/1/LAST 4—16 ,25 ,27 ,29 ,40
PARTIAL—TEST—CASE— i/i/O

-
‘ 12. SDVS — T EST—F I LE-D IR— 6/2/ 1 4-16 ,

PARTIAL -TEST-CASE- 1/2/ i

Figure 17
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( . )  Coni fj n m n r i t i  on Control

On p the i mii i  v i  dual tes ti nq had been completed and PQT Sectio n

1-las initiated , all SEWS nroqrarms were plac ed u nder conf io ur ation con trol.

A ll coarm e files i-iere conied to a file area whose password was know n only

to the c~o~ l guration con t m l  ma nager . l)h°never , a PoT test ejh ih i f ed

errors in OP - V O , the perso n u- a n n m n n  t he tes t ~iuiuld subri t a pr ol -le ’ ‘°po’t

statin g the test run and ~ m m observed error sy ’ - m p t ° c . This nr - n d le r- - rep ort

would be fo rwa ruleil to the appropri ate ~f lV O analyst m-i ho would anal y ze the
pro ’ !er- and com plete a so f t wa r e  hanqe author izat ion fo rn~ d e t a i ] ie ’ t  t im e

necessary nro qrar ”m’ -ioq m nodi fi cat io ns . If the change was approved h-i the

SEW S -- anaqer , the analys t would cooy the  af fected f i les  fro m thí cnn~~iqur - c -

ti on control file area , make the changes , and rerun the specific PflT test

caus inn the probler . The con mfi r iurat ion contro l nanane r would then copy

the modified p rct nra r hack onto the configurati on contro l f i le  area (these
f i les viere wri te pro t ec t e 1 from - a l l  other f i le  areas ) and rerun a set  of
previously work ing  POT tes t s  checking for side effects from the nroqrau-

c han n e.

Th is cen f~suration contro l did create some time consu’rirl q pape r-’iorl ,

hut all involved agreed it was worth the ef fect . It is somewhat o~ a

pro nramtiinq law that f ix ing an error has a hinh probabi l i ty  of introduc-
ing additi onal errors . These new erro r were usually caunh~ by the me-

testin g procedures and if not , the proble m reports and software chance

forms were often useful in t r a ck in o down errors ca inht at a later tine
which  had worked in o revious PQT tests . In addit ion , the conf igurat ion
contro l procedures al1~~ed two people to work on different errors

simultaneou sly without interference.

When SEW S was del ivered the problem report /software change fov~is
orovided a good base for user problem reports and a good discipl ine for
undi tin q a piece of software while it is hein n used .
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2. i n rm~~r im ‘ i o n

a - n -a 11 i’ h i los j uhy

The n - m n  a u - u plan for lim ’ leve l o p u n t  and dcli very of SEW S 1-/O S
bas ’,I on ,i b i n  ‘ i t  ‘ h e e d  0 i -i  i~~: - n i t  a pproa c h . The ph i losophy was to

~ro~ i do i n te r i m  S OVO op a l ii t ies to permit  ear ly USC of OO V S and to
f - ic i l  i’ u t  4 noi l I tv a s S n l , n n u i  e t hu  u g h early use . Both o f  these ob~~-c t i  yes

-,-,- -re o i l - v - I w i t h  this ip p m~ouii:h . An added benefi t mis  the f lex i b i l i t y
;; ro _ s i t - 1 t-y b - - i n q  able to n e 0~~od to user fu’ i- l t io c k a i d  chan g ing require—
r u - m i S s  in ear l y phases and incorporate no’ sa ry changes prior to the

~i’ i l  te l 1.-cr y .  This flexibility was esp ecially important for S DVS due

to  t -  e~c-luti onia r y nature of [)AIS and t h u - u n - f o r e  SDVS . The early S[)VS
,i - r s j o n s  c o u mil d be v iewed as SEWS so f tw a re  prototy pes.  Th is insured

o ol I ty ass n - ,nn re at an early (la te and provided ti -ne for eva lua t ion  of
i m - t i i  l i t  i es v ia  user f i ’- dhack.

b. 10 -is 1 u~ r ru t Concept

T b ’  t u v e l iup tnt of the SEWS sof t n ’ia  me fo l lowed a top-dow n procedure
accordi on 1.0 the program hi eram -chy structure shown in Figure 10. This

iru pr on -ich is based on the overal l  top -down develo pment techniques descri he-I
in si-ct n 5, 1. The following para graphs outline the SDVS programs

developed in each phase and summarized in Table 2.

(1) 1 fl~ se I oo vs
Even f iou jo a wor king J73 (ou i p il er was riot yet available in August of

19/5 , P.-~ felt that a basic usable SEWS sy’,t e m  woul d pr ov i de i n v a l u a b le
in , t o r r ,ztion in duute r :i ning good final system requirements and design. To meet

s - i s  m n - a l  , EPW - i - n - j an i mp l u- - e n ta t i on  of SEW S in the JOVIAL J70 d ia lec t .  The
I-a ,  .o ~~~ IdS ,a d r fm d to providing a bas ic  i n te rac t i ve  SDVS capab i l i t y  for
the n-e r in the File Generation mode to build SDVS files , and to provide a

- i - i c s iuu :u l , i t i on cap ability -i ith the SLS. Only a basic subset of test case
di - t i - ,-r- s - - /n s  provided by t h e  or ig inal  Si : _ s l a t ioi Control i anguage. P h a s e  I
i m u v o l v e d  ‘ in - v a l - m r : e r i t and tu ’sti n g of SDVS sof t w are from each of the hiemarchial

levels shown in Figure 10 , thereby va l id a tin q the overal l  SDVS structure and
de nm ionstr ating the feas ib i l i t y  of S[)VS as a tool for development of DAIS
mission software .
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n~ eon ‘i on of i ’  S D n - ’- Ce~ t n ol O n . -  
~

u n - -~j I Ii l i n n -  Ill 0 10 i i ; - - - u - - i

systeu - - - - I m n -C ~~ oid lev i l “Of~ . in n o  “ - ‘ a n - m u  - - u i f  , ‘;‘ u n - i n - lO  f l u m e’  - m tO n , - n - t n - n - I

Y ; l - m ’i u - mm I o n - H  n - i I- n - n - m n - n-: - i i i  i t .: ’] His - n --  -
-

, j~~ i~~. n , L n u ml  - n n i - l  u h i t a  j n i ~ r n-

‘ n - i - u -
~ t - e n n - O n -c ’  h i n o O u n r S . I~i~~- ; n H inn 1) 1 lIe t u t t m i - - - n -m Hn,n ;- -~ - m i t  Pn n-n-

ut j n - m , n-~ -  c n i  t j  u - ]  I n n -  ‘ n - - n - i  0 - - ,- 1 t Im the 10 0 !O u 50 Coci n - t n -  n o - - -  - m i t

:~~~ n- i ( t i  ‘-  
~ ~O~~~;. n n -p tu i n - l r t jn u l P l c  ~iH , ; n - u i t  e m i l y ,  a l i

t a r p m n -~: j mi n- ,n - ’ j n n - t_ j Q r I  i t i n - i c  5~i~~ -n m i S i t I nt 0 1 , 5 a-~u i ]  i t  i t _ i t  ‘ , ]  5 5/ n -  5

interfaces inefficiencies involving catalog searches. The lead time gained

on this type of problem enabled TRW to do an extensive analysis of DBMS

cata loging operations and opt imized the necessary SDVS inter faces.

‘ -n - lv~~ic o f  Pi n-  “ uis e  I ioU - n i - i n - - s  - - ~ - - .- i - u - n i  t i ’ t m , n - n s l i t i~il Si uj l tj on
L - i n- - n- n- OP - I i  n i - u  t i v i - c  to f ’ ip  S i t  n - m l a t i mi C u i r i t n n l  Pu n- u m r rm m i c a  re s i j l t u - d

0 ‘n - i nn- -C u n- - - t i n - S j i m  of 0 is m u  H o p  i-nbi i i h  r -‘ n- - m i  i n - n - ] in a no e H n- .- m i m  n tul des i n
- t e l  j - ,- n n -  -. ~i H On - - 1 m u o l  ; - n~- i nu n of SD V S .

1 .n- . t ) n - i~ ‘P. c_ i? I ODVS - I e n -~~~~
m i n -n - i  i n - n t - ’ ]  t i j~ S i n - V S  ( i . u t i i t p t , _

~n - l  i t - ted

~~10 t;I - .’ - - m u  - :-~ 
f - . u - ~ - - i  th He P i u c _ t  D[C 10 , and ~ u ( m V i i I 0 d  U i  b t i d i _ l_ n -n - n t he do—

s i n  n - c  _ s i U - , h  i r , in 1 -  n n - u i - i ]  t i n a l  i n - o uj ino t.

( 2 )  ~ o r ’  11 - ‘ ‘ IS

7 u - u s C  - S “OS u m i - . , n  i - u i  ~u n-,- m a u i ] i ’ m i i , i i ~~inq SOVS i n l n - , lb i l  i t i u ts  iJ)fli .Oifli fl q

I C  s ’ ru n- ~ c o ’ ‘ i -  ‘ ri ’ - - t e e tt, n ‘Jerusil t Program russ ion soft n-n n - mn -e fi les , and
- - -a F l  ii’ - -  - - ‘ - H  in’- c m n u  - r , n 1 1 n - ] o  hasm ’ u i  on ch- m i u m i u s  in ra n-~ui u i :  tots for the en—

0 _ u  ‘ n - a- i - -s sot~ ,~ n - n  ul i n i ulupu -emi t s t - u n d a  rn - I s  by SDVS.

I n  - u - I - l i ’  ~~~, 
- n n-~ ~~ : -  Ph- ice I s o f t - m a r e  n- n- s cunve r ed I n u n m o  - J O V I A l  J/O to J/ 3/ I

n- u n - n ] dcl  i u ~n- n - i ’, n- n- — r, -

~~ i - t i n  1 1 , ’ , n -  n - - i ce  I I  n - o f t - -o re n- i - i s to m d - n - b  the T n t  - r p r mn t iv e
ri) -!) a e ~ Si  1 t i -  ‘ , ~‘ e ’  - 

n- t a  B- ms S i u n - i m l o t i o n , -~ e1 the Ex t e r n a l  imiv i roniient

Si o l - ~ i n - - n- . til l o ’ 1 l ~- - -~ O O j u nrn-5 i - m i t r e  l u t ! i inn iuh i t i l t oi l  PillS s p e c i f i i i t i o n s

wh i ’  P - i - n - n- n -- ~~ - i . a i l - O - l e  for a im ‘ , t  I I  d e l iv u - ry and n- ,- i - r e i- i ’ su b i im ibu led  for
ac e II I.
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: 3 )  P n i n - is~ i l l  n - ’ ; n - ’
~

T i e laji ooj - n- c t i  ,- e -; o~ t ‘ne n - n o s e  I I I  SDVS nere to In of  e - j r o t -  toe

..~n- :s :,i - u~ ato n o roj ra mn s ( l e v e l  3 in Fi gure 10 ) i n t o  the b~ s ic  O n - j V S

n :  n - t o n - n - n-P j n - n - n u id ,~d in P hase  II. A colilpr n - uHnumns iv e c i:iu la ti u n Snapshot i~ol 1—

uack ca paai ii t-/ mas deve lop ”d and tnle second l ove  Post Run Edi tor Pro’j ca -

-nu s also m d  n-~n-de d. -l i  ~h oo- -nera-d t n a c np and 00111 tori ng capabi 1 i ties (-IHLP ,

S-H P EV L S , etc . ) -a-t i- c added to t i e  Simul a ti on Control Program in response

needs de m - mo n i s trated dun n-j usage of the Phase I an-i Phase ii system . This

en- .-oem - ience gained leo- u the previous s y s te m s concerning t rans la t ing  and
c.~ec utin g simulation scenarios resulted in a very powerful , e f f i c i e n t , and
sooh isticated sim ulation facilit y . In addition Phase I and Phase 11 usage

allowed TRO to iden ti fy some of the detri men tal ininacts of S~
n - v 5 on the DEC1 0

sys te - . ‘-t odifications to toe confi n -jur ation of SDVS on the -machine (multio le

o h gh se - i rne nt s , res toration of 5]jij5 la - n-i segm ent , plac ing s -mime code in the lo ,~
se- l iant , e t c . )  a l l e v i a t e d  this impact .  This can be a t t r ibu ted to the three

phase develop ent aap roac h in which the first Phase demonstrates all the
uas ic  ca pa u l l i t i es  and is used to eva lua te  the desi gn and f ine-tune the
sys te -- - accord i n jl v . Tile demon~ t r a t i o n  of a basic f ramework early in toe SuVS
nn og rum mm p layed n- key role in the on— time de l ivery of a system that has been
aro~en to excEed ori g inal performance requirements and operate r e l ia u lv .

— — _-,~-n- _ . .—. — — — — - -—- —-.-——— — .- - , - - - - — — . - — - — -  —



~~- P r o d u c  t iv i tv  Us in~~ S DV S~~~~~~~~ ent Jecfl~~~yes

As descr ibed in sect ion 5 , 1. t Ime design , deve lopm mient and tp- ,t jnnj o~ toe

5, - Is sottaare appl ied - a n y  s t a t e  of the a r t  s o f t w a r e  eng i ne r - r ing  tec H niques
i .e.. top-down design , use of structured programming , etc. Overall , anol i cat i on
of these techniques proved instrumenta l in al l  phases of t i - ~ s o f t w a r e  deve lop—

m- icni t  process as d i scus sed  in sect ion 5 , 1.

To prov ide a quant i ta t i ve  measure of the product iv i ty  associ  ated - -m i to

toe d eve lo pmen t  of the SJVS so f tw a re , the size of each of the SDVS prograii is
srio .-mn in Figure 10 w a s  tabu lated and is shown in Table 2 . For each pro g ra n-- n -

t n - i c  number of J OVIAL 373/ I statements and the corresponding s ize  of the
generated object  code is presented for both program data and code . The total

candor of JOVIA L Statements for both progra m data and code for the SDV S soft-
w are i s  82 ,965. The total number of engineering man—mont Hs over a 24 month

period fo r tne deve lopment was 227 mao-m iionths. The engineering effort included

t i e  follo w inq:

o Requirement Defin i t ion

o Prograr - Specif i ca t ion  development i n c l u d i ng p r e l i m i na ry’ and

c r i t i ca l  design reviews for each SDVS program.

o Codin g

o Prel im ina r ,- and  fur n-a l qua l i f ic a t ion testing for the Phase I, I I ,
and III vers ions of S UVS

o ne l iv e ry  of all docum nme ntat ion including pro g ram- n- s oec i f i ca t ions
(over 5000 pages to ta l ) , user manuals for each phase , test result
documents , etc.

o Provid ing SDVS user support since the  o r i gina l Phase I de l ive n-v

o Analysis and fine tuning of SDVS performance

o One person as a f i ll ti nie manager

o One person full timm ie responsible for conf igurat ion management and
testing

The e f f ec t i ve  r mu - n - i be r of JOVIAL statements developed ocr man—month is t h e r e f o r e :

82965 / 227 365 state ments / man -month .
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This ria- -~~em
- represents the Jeve loom ent rate over the entire l i fe of tho

cru ltract and includes all engineering tasks associ ated - -i i th the ~YJV~
i e-i - n - i 0 omen t.

Fr -or fable 2, it can be seen that the total nu i n - . er of JOVIAL J73/~
c~ cc utab le  statement s (69605) resulted in the generation of 1d7.75K machine
i ns t r n- ic t ions.  The rat io of machine instruct ions to source Sta t e m ents is

157750 2 27 machine instruct ions
69605 JOVIAL statement

This expansion rate demonstrates the e f f i c iency of code generated bj

~be J73/ I compiler and therefore justifies the use of a high level language
compiler like JOVIAL for software development. This low ratio of machine

instructions per source statement implies that the code generated by the

J O V I A L  compiler was as efficient as if the coding was performed in assembly

language.

it should be noted that not all the SDVS programs (294.25K) are not core

resident at any one time , SDVS employs several different schemes to segment

the SDVS functions such that only the necessar y programs requi re d are loaded
in core at any point in tine.

-.
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n- n - - . - - i - - n - ’ t ; r c j e c t  like ~JV S m as o reso nted the opoortuni t tO

m e  ~e t i  r ecti v- - u n -emn - S in a real - -aor i d Si  t u at i O r L  The fol lo.-1ing

p ~re u - - u; n -h s S m z- - t I m i  S ex o er ~ efl Ce and t~e main points of tn- mis renoot-

Ut il~~t~~ 
)~~ 

r~~ n- ,~~~

o - .5 is a n - n -  inte~~r~~teJ co l lec t ion of softwa re tools te aid in tne

d~-~~i - m ) m , k-v - m l - ; o ; n - m e m m t , coding dnd alidat ion of DAIS n -ii ssion

-~ t m - ’ a

0 S i n - I S  provides the user a powerful u g h  Level Language (Simulation

Contro l Language) to c r ,~~j fy  mission scenarios and the recording

n - f  sin n - 1i at i n -muu l data . The 5~n -V S Data Process ing Language provides

a o-~r-r t :n - ol to 50c r i f v  th~ data reducti on and anal -jsis of si u ia ti - -n

o ss~i provi ion-n- ~ ~n - n - 1 t o r a t e d  cont I yurat ion and f i le  management

sv s r n- - m f n - r  c m n - n t u n - i l i n~ miss ion so f tware , simulatio n scenar io

SO ’ L i n - 4 u1- , OeO t run process ing sof tw a re , and date generate d

n-i sli’ iu l a t i o r u .

0 5, 3- 1)  n-~~ t J a 5 - O  has oruven to be f le ,ible enough to acco mmodate

i n -i n- n- ni i n(J r-eg ii rements

r - t oe m iq h SDVS resnonse time is very good during low use periods

Ot u the n~C~O , 
- o ut pet l  ti on wi t h  many interact ive jobs

resn - . lt s  in a signi ficant s 1owdu - -~n in response time . T i n - n - m i u n -~

- --n i iat ion s and e f f i c ienc y  opt i in izat io nS are warran ted.

o ‘n - i von that a reaso nabl y compatible JOVIAL compiler and data ea so

n -un - uag emeii t s ys t e m d r u m  av a i la ule , rehos ti ng of SDVS appears vi able

d n - n-t t n - n- the su c c e ; s f m i l  contai rtm m m e r i t  of ilon i tor interact ion in only

one u r n - J i ca l u m -

/ 7



n - n - )- n- n- n- ~ s Ion n d  Ste ~~t m ti -i r n-j c n - t m’ ‘i n :

I) T Ot ) J j - n - ’ i  l l e r a ’ n -  n- i ial desi no D t C ) V C n -~l Spne~ Ic j ol d~r-in initial
desi gn phases it  uroved so mew hat inadequate d ic i ng de ta i le l
des ig n.  n- r e  shou ld not be a f ra id  to rodi~~—i i n i t i a l d e s i gn
to n-:~~~m - m rmad - ite im p le m enta t ion detai Is .

o S tcur : t - j red pr - o q t a r m m i ng a rovi ded -ì ) as is  for dev rn - lo oi  r~-~
3~~~ ~ t i  are

- q u i - J l y

- -n- uu j  ch -q as often erro r f ree 
-

— in wh ic o errors m-iere e a s i l y  corr ected
- which was eas i l y  unders t~od ny other

o Structu red f lowchar ts  -eere li mod by eve ry one.  [3v assoc ia t ino
coding constructs wi th each f lo w char t  construct , coding from
the f lo-,~charts was s t ra i g ht forward . The sane floi-icharts r-iere
- a s o l  for both the 370 and 373 vers ions of S DVS.

o S DVS - eas not as ‘modular as it s hould have beer .  The ex eons ion

u lock conce ot prov ides the s- o nef i ts  of nodular procedures
- n- i th o ut  inf l ic t ing the advers e ov~ rhead and erro r nrnces s ing
s i d e  e f fec ts .

o r o t  ra m mir n -l i no standards imposed enough i liii an ty in progran mc ’ i i ng
s ty les  that programme rs found it easy to fami l ia r i ze themselves

~ii th programs wr i t ten  by others . The conve rsion fro m 373 to
3 73 was a C cookbook~ operation due to the pr o q r ar-r m m in g stand ards.
The contr ol of intero rogram comm unications r e su l tmo n - i in quic k and
e a s y  integrat ion of the several r a i n  SbvS o oyra rm modules.

o The standard of producing cr mrp lete l~’ Jetai led f lowchar ts  o r ior

~ 
.._,,~~~~~ to the star t  of coding each SDVS urog rarir resulted in increased

~ro duc t iv i t v .

o F lex ib le  - -!o rk ing hours - . a - -e esse n t i - ’ l  to comp let inui the SDVS on
schedule . Use of the DEC 10 in of f -hours - g a s often two to three
time s as p rrn-d ucti ye as us ing the machine during nonia l workin g
flours .

n- n- 
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se O 3 -i : ’ m - V 1 m i u J ’

o ~ne I n- - n- u n - I - n -  ( ? . 3  to 1) at  n-ìOS (’ n - 1 n-~~/ l i ’ m n - m o - i - m ~ i , m ~~t -  - _ ‘ i n - m n - I S  n-ri o

J~~~n - i ,~~ c~ i n- - n- n - u :~ 5 ~~
- n - - n - n- t S ~- v i r i l m i l i t n -  o ’  - m o i r e  S . T ~~ L - 

- deielae

I ‘t IC 5 )  m e t -  s- . t n - r n - --- .  Pin- n- ~: m i n - c j f i e n - i  n - -  - Tha , b i t  - m d  g i t

n- i n - u i - n - b  ions , ~n-~n - I n - I t  m i l u -  ~ord i~- a l l - ~ - n - r~- n - I rn- n- n- n - m n - c t l ’ m o t n -

t ,- - - - c o l l ,- - - t t n - m m  in a s s e m m m n - l -, lan q -mge — m in- li i m ~a i -  - - ‘ n - n - n - in

S - IAL . T ’ n - n - -  l pn -~~r m ~- c o m n - o t i l i  t v , n e s t e d  o r - r n-  - - l a c e s .  n- ”d cmi- ua~ l~
i e e - t  ~iv : n -’n-~ tn -  n - n - n -  C - O i l / ne-I n - r n - i  s t o u c t n - r  - sel~ -d oem
i10-I~ .

- r n - ) , ) ~d n-n- n -~~- - I  ~n- • - n - t 1~ - Jf l d Tray i n -

e ° as ed de v -c l o o - :m m un - t of so t ~~- ,-o re r mr ~ i - l e s  ‘ n- ic - - / i b I b i t ’,’ to ~n o o n - m - o - i n - i t - -

n- j e + j c i e n c j - n - s  e n n - m n - -iu n - t - - r ’ -o i- ~ r m n- ni f l g m l  tin - i l n/ s t - i  d e l i 1  - n - es . T’ m e

n ’ e
_
m r a ”l ~eve iog~ rs m u s t  -mn-i -iíe r - i - n - n - m d a g a i n s t  a i n - mg  r n - e s  desi -~rm

s i n - m g i  i - I C i t i  i r i s  n n - m n -  - r t - n -  n - n - - i n - c t  deli very n - i n - 3  t n- ns of earl  -i e m  n- n- :,p5 .

Pies- n- s im p e l i ra t i o n s  oni n-’ m e n - m u  it j~ “i
~~~~~~ re-i ron n-- ‘ - ~~~~ 

n - n - f~ -~~~ * - -

0 Coi n- u - n - i n - c u r s i v e  t e s t i r m i f i n - m n - i  s t r i c t  co ” f m g ura t i o r i  c o nt - -o l  or. - e s s e n t i a l
to - l ev e l  ooi r n - I  n-i s t - i e - n - s a u l e  so ’ t n - a r e  sys t n-in- . T ’ im-  n - a — d o n - - r n -

ne  ,‘el o - m fliemi t of v -n - iT tcs t~-~ -n - ron- ruLed such com n - n c r - n - n - n -n - S i  vii test i m n - n .
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[n- i I o n - n - ’’ ~n- n-.n - m o r i i n - -s  l n - il n -O r - ~~’ - n - y

U C I U  i n - I S Cor n - f r n - n - ]  i n - n - t i - n- ‘ ac n -V

C I U  I - - r n - r n - b e I n - i t  n - nm f - n - - c  in - n -~
- t n-I - j - n- n - -n - iL

CL t n - n - n - t n - n - n - i  P o i n t

i m Al S I) 5) il Avi O n - : I n -  s h r  In-i n - - n -  t I n - n - n - n -  n- - - if  em

- ‘ n- ) - t ~ Base I t - n - n - n - i n - i  n- n- t v - n- t n - n - i

F i r Lii iii C ‘ n- ,n- t n - O i  10

n-~ L Data P n - n - r ces n - n -  i n - n -~ n - u n - n -  n - n-

- ‘ n - n - n - j~ n - n - n - j r n - n - ! n - H n -~~~i t  S i m : l i : n - t i u u I

IFS n- n - n - n- n - n - u  v ’ 1 m n - r m n -  t n - a l  Si n - - m n - n - Li -r n-

I il e lie n-- i  a t n n - r

I QT Fon - - - a l  Qual i f  i c a n- i n - n - ”  l - n - s t in n - i

ICS I r ~t m r n - i ’ n - r - t i v C  Cc r m - i n - n -  S n - n - i n - n - t i n - n - m r

i n -  i-I I mi t e r n- - al d i n - - -- t~ - n- n - n-

I TB t r r t n - n - j u i u  tn- ri T~ s
3/3  or
3 / 3 / i  - IO V IAL n- n - n -- I n - n - r i  / 3  l e ’io l  ( i n - n - p

l ’ n - Sl n - n - O t n - L e n - r e

i l l  ( i~n - e r 0 j n - n - r r , il I l i o I r t  P r n - m r n - n - m i

P e r f o r  -i ’ IOC ‘n - n - n -  t - ) O  n - i r n - d  C n - n - n - - f  n - n - n - }

IQT P u e l i n - I n - - m y Q u a l i f i c n - t i — n - n  T e s t  i rr rj

PRE Post ° n - r m  El i  tur

ROT Rough Output Tape
RT Remote Terminal
SCADU Supe r Contro l and Display Unit
SCG Scenar io (iencrator
SCL Simulat ion Control Language

• SCP Sir rrulation Control Program
SDVS Software Design and Veri fication System
SDVS-C P SDVS Cont ro l  Program
SLS Stat er rent Level S imu la t ion
SMP Software Management Program
SSDF Simu l ated Subsystems Data F o r m at t er

TEC O Text Edi tor and Correcto r i n n - i t  an - mn-

LIUO Undefined User Operator

VCC Video Contro l Center
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